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In Memory of Dr. Nobuyuki Nakajima 


Dr. Nakajima passed away at the age of 76 from pancreatic cancer on October 


20, 2011. He underwent surgery for obstructive jaundice that developed in the sum- 
mer of 2010, and, although having returned to his clinical practice in April 2011, 
finally lost his battle after being treated for more than 1 year. During his lifetime, he 
made great efforts to publish and promote this high-quality English journal mainly 
focusing on vascular diseases for the first time in Asia as the first chief editor. 
Being a graduate of Chiba University in 1961, he was trained in the First Depart- 
ment of Surgery at Chiba University Hospital, and, from 1969, he worked at the 


State University of New York as a resident and Wyckoff Heights Medical Center as a 
chief resident. After returning to Japan, he was appointed as the chief doctor in 1978 





and director in 1985 of the Department of Cardiovascular Surgery at the National 


Cerebral and Cardiovascular Center. From 1991, he worked as a professor of the First Department of Surgery at Chiba 


University. He was also the chairman of the Japanese Society for Vascular Surgery for 6 years from 1999, and promoted 
the partnership with the European Society for Vascular Surgery and Society for Vascular Surgery of the United States, 


while contributing to the foundation of the World Federation of Vascular Societies as the representative of Japan and Asia. 
At the same time, he was a leading vascular surgeon dealing with all vascular diseases from thoracic aortic aneurysms 
to Buerger disease, and was involved in a broad area of research, while supervising operations in Asian countries, such 


as China and South Korea, to improve the level of vascular surgical practice in Asia; his contribution to the promotion 


of vascular surgery in Asia was considerable and great enough to create an impression that “the 21st century is the 


Society for Vascular Surgery, while heartily praying for the repose of his soul. 


era of Asia”. His devotion to Asia was based on his deep knowledge of Western countries, and, undoubtedly, he was 
a Japanese with a very strong love for Asia. I promise to make every effort for the further development of the Asian 


Hiroshi Shigematsu 


President of the 13th Annual Meeting of the Asian Society for Vascular Surgery 
Director of the Japanese Society for Vascular Surgery 


Director of the Japanese College of Angiology 
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Abdominal Aortic Disease Caused by Penetrating 
Atherosclerotic Ulcers 


Masataka Sato, MD.! Akito Imai, MD.” Hiroaki Sakamoto, MD,!' Akinobu Sasaki, MD.’ 
Yasunori Watanabe, MD,! and Tomoaki Jikuya, MD? 


Objective: Penetrating atherosclerotic ulcer (PAU) of the aorta is defined as an atherosclerotic lesion with 
ulceration of the aortic intima and media and rupture of the internal elastic lamina. PAU induced aortic 
dissection, aortic rupture, and secular aortic aneurysm and typically occurs in elderly hypertensive 
patients with severe atherosclerosis. Although it has been reported that atherosclerosis similarly occurs 
in the abdominal aorta, its natural history and treatment are still unclear. This study investigated the 
clinical features, natural history, and treatment of PAU of the abdominal aorta. 

Method: Between April 2006 and March 2009, 4 diagnoses of PAU in the abdominal aorta were made by 
computed tomography (CT) and magnetic resonance imaging (MRI). These 4 cases were analyzed along 
with 61 previously reported cases from the literature with diagnoses of PAU in the abdominal aorta, aortic 
rupture, and isolated abdominal aortic dissection over the past 15 years, giving a total of 65 cases. 
Results: The patients were men with an average age of 63.5 years. All 4 had hypertension, and 2 had 
concomitant coronary artery disease. Two patients were asymptomatic, and the other 2 were symptom- 
atic and transmural rupture had occurred. All diagnoses were made by CT and MRI. All 4 patients 
underwent open surgery with a knitted Dacron graft, with no postoperative deaths. In the literature, 
53% of cases were symptomatic, including pain (40%, n = 26), shock (4.6%, n= 3), and lower limb em- 
bolism (9.2%, n = 6). The remaining 40% of cases were asymptomatic (n = 26). Six patients were treated 
medically, while 58 patients underwent surgery, with 2 postoperative deaths. 

Conclusion: We suggest that surgical treatment (open surgery or endevascular stent grafting) should 
be performed to prevent an aortic catastrophe such as intramural hematoma, dissection, or rupture. 
(English translation of Jpn J Vase Surg 2010; 19: 723-730.) 


Keywords: penetrating atherosclerotic ulcer, saccular aortic aneurysm, isolated aortic dissection, 
aortic rupture 
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723-730. 


peces atherosclerotic ulcer (PAU) is defined as 
an atherosclerotic lesion, with ulceration of the aor- 
tic intima and media, that pemetrates the internal elastic 
lamina,” and first reported by Shennan in 1934. PAU 
frequently affects elderly people with marked atheroscle- 
rosis and frequently develops in the chest, particularly 
in the descending aorta. However, it has been reported 
that a similar pathological condition also occurs in the 
abdominal aorta, inducing isolated aortic dissection, sac- 
cular aortic aneurysms, and aortic rupture. 
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Abdominal Aortic Disease Caused by Penetrating Atherosclerotic Ulcers 


Fig. 1 A, B: An abdominal computed tomography scan demonstrated a saccular aneurysm of the 


infrarenal abdominal aorta (white arrow) and intraperitoneal fluid collection (arrow). 


SUBJECTS AND METHODS 


Between April 2006 and March 2009, we treated 76 
patients with abdominal aortic aneurysm in 2 institutions, 
and the cause of the aneurysms was considered to be PAU 
in 4 patients (5.3%). Patients with infectious disease, 
Marfan syndrome, ora history of trauma were excluded. 
In the 4 patients and 61 previously reported patients with 
PAU/rupture/isolated dissection of the abdominal aorta 
in the literature (total, 65 patients), the clinical charac- 
teristics, natural history of PAU, and treatment methods 
were evaluated. 


RESULTS 


The mean age of the 4 patients was 63.5 years. Hy- 
pertension and hyperlipidemia were observed in all and 
3 patients, respectively, and had been treated with oral 
drugs in all patients. None of the patients had peripheral 
vascular disease or carotid artery lesion. One patient had 
a history of emergency operation for impending rupture 
of a thoracic aortic aneurysm. 

Two patients were asymptomatic. Abdominal pain and 
low back pain were observed in | patient each. Since the 
patient with abdominal pain showed the acute progression 
of anemia and CT findings of intra-abdominal hemor- 
rhage, strongly suggesting aortic rupture, emergency 
operation was performed. 

The preoperative definite diagnosis was made based 
on CT findings in 3 patients and MRI findings in 1. In 
the patient diagnosed using MRI, CT was avoided due 
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to moderate renal dysfunction and a history of suspected 
contrast agent allergy. In the patient with intra-abdominal! 
bleeding (Patient 1), there was a saccular aneurysm with 
a thrombotic cavity that anteriorly protruded from the 
abdominal aorta at the level of the third lumbar vertebra 
but no findings suggesting bleeding in the retroperitoneal 
space around the aorta (Fig. 1). In Patient 2, a saccular 
aneurysm protruding to the lumbar vertebral body was 
observed, and its cavity was almost thrombosed (Fig. 2). 

All patients underwent replacement with a knitted 
Dacron graft. No stent graft was used in any patient. 
Vascular reconstruction was performed using a straight 
graft in 3 patients and a bifurcated graft in 1, but recon- 
struction of the renal artery or IMA was not performed 
in any patient. During the operation, aortic or aneurysmal 
rupture was observed in 2 patients. There was no hema- 
toma in the retroperitoneal space in the 2 patients with 
rupture; direct bleeding into the intra-abdominal cavity 
was observed in | patient, and penetration into the lumbar 
vertebral body, in the other. 

Mycotic aneurysm was denied in all patients by pre- and 
intraoperative examinations. Pathological examination 
revealed marked atherosclerotic changes such as atheroma 
formation and cholesterin crystal deposition in the aortic 
intima, almost complete rupture of the intima and media, 
and replacement of all layers by fibrous tissue in Patients 
| and 3 (Fig. 3). In Patient 2, histopathological evaluation 
was inadequate because of the absence of the aneurysmal 
wall, but it revealed hyaline thickening of the intima 
of the aortic wall, marked atheromatous changes, and 
calcification, indicating severe atherosclerotic changes. 


Sato M, et al. 





Fig. 2 A: Computed tomography (CT) of the abdominal aorta demonstrated a saccular abdominal 


aortic aneurysm that penetrated to the lumbar vertebra (white arrow). 
B: Focal perforation of the intima and thrombus in the saccular aneurysm (arrow). 





Fig. 3 Photomicrogram of the aneurysm wall (case 1) with Elas- 
tica van Gieson stain demonstrated that the intima and the 
medial elastic fiber were interrupted at the margin of the 
aneurysm. 


In Patient 4, histopathological examination was not 
performed. No perioperative complications developed. 
All patients showed a favorable postoperative course 
and were discharged. To the present, 6—15 months after 
the operation, none of the patients has had any notable 
problems. 

The clinical characteristics of our 4 patients are shown 
in Table 1. 

Our patients and the 61 previously reported patients 
with PAU / aortic rupture / isolated dissection of the 
abdominal aorta during the previous 15 year period in 
the literature (total, 65 patients) were evaluated. There 
have been many reports of isolated abdominal aortic 


dissection, but acute, iatrogemic, or traumatic cases were 
excluded since this was a study on PAU. Hypertension 
was observed as a complication in 60% of the patients, 
and coronary artery disease and peripheral vascular 
disease in 23% each. Symptons were present in 53% of 
the patients, and abdominal pain, low lumbar pain, and 
shock due to aneurysmal rupture or impending rupture 
were frequently observed. There was also lower limb 
embolism with PAU as its source in 9.2% (n = 6). 40% 
(n = 26) of the patients were asymptomatic. The diagnosis 
was made using CT in many patients (88%, n = 57), but 
angiography and MRI were also useful for diagnosis. 
Concerning treatment methocs, the course was observed 
with drug administration in 7 patients, of whom | died 
during the course observation. The other 58 patients 
(89%) were actively treated by open surgery (46%, n = 30) 
or stent grafting (43%, n = 28 . Two patients died during 
the perioperative period. One ef them was in shock before 
the operation, and developed mtestinal necrosis after the 
operation and died of sepsis. The other developed aortic- 
duodenal fistulation, underwent surgery twice, transiently 
improved, but subsequently ceveloped pneumonia, and 
died of sepsis 4 months after the initial operation. 
Characteristics of 65 patients are shown in Table 2.7 


—25) 


DISCUSSION 


In 1986, Stanson et al. defined PAU as “an athero- 
sclerotic lesion with ulcera ion in the vascular wall 
that penetrates the internal elastic lamina and media.” 
Classically, PAU was consicered to frequently occur 


in the descending aorta in elderly people with marked 


Annals of Vascu ar Diseases Vol.5, No.1 (2012) 


Table 1 
Patient Sex,age symptoms vascular disease 
1 M, 67 abdominal pain - 
anemia 
2 M, 61 none CAD 
3 M, 61 none CAD 
4 M, 67 lumbar pain = 


CAD: coronary artery disease 


atherosclerosis.. However, atherosclerotic changes also 
. frequently develop in the abdominal aorta as well as the 
thoracic descending aorta, and abdominal aortic diseases 
due to PAU have also been reported. 2? The progres- 
sion of PAU induces saccular aneurysms, aortic dissec- 
tion, or aortic rupture. In particular, in the abdominal 
aorta, aneurysm formation is considered to occur more 
readily than dissection.™!® Differentiation among these 
complications, as well as PAU, is often difficult, and 
there is a mixture of various pathological conditions. 
Batt et al. and Tsuji et al. stated that an ulcerative lesion 
not extending beyond the aortic wall on angiograms or 
CT images should be added to the definition of PAU.-!®) 
Therefore, saccular aneurysm, aortic rupture, and isolated 
abdominal aortic dissection are complications due to the 
progression of PAU. Isolated dissection was observed in 
1 of our 4 patients and a saccular aneurysm in 3 patients, 
of whom 2 developed aortic rupture. In a strict sense, 
these conditions are complications of PAU. In this study, 
30% had PAU without complications while 70% showed 
complications such as a saccular aneurysm, IMH, aortic 
rupture, or aortic dissection. 

For the diagnosis of PAU, ulcer visualization using 
angiography was conventionally considered being useful. 
Stanson et al. performed angiography of the thoracic aorta 
in 684 patients, and observed PAU in 2.3%.) However, 
since evaluation is performed in only one direction, and 
evaluation of the aortic wall is impossible with angi- 
ography, lesions might be overlooked. At present, CT 
allows the rapid and straightforward evaluation of the 
aortic cavity and wall and diagnosis based on medial 
deviation of intimal calcification and the presence of an 
intramural hematoma lateral to the calcification. In this 
study, the lesion was diagnosed using CT in many patients 
(89%). PAU is a pathological condition in the presence 
of systemic atherosclerosis as a predisposing factor, and 
therefore, can be multiple. Tsuji et al. described the neces- 
sity of complete evaluation of the aorta once PAU was 
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Clinical characteristics of the four patients in this study 


gees Diagnosis Treatment Outcome (mo) 
- CT straight graft alive (6) 
thoracic aorta CT straight graft alive (15) 
- MRI. bifurcated graft alive (15) 
- CT straight graft alive (15) 


detected.!© Multi-detector CT, recently developed, may 
be particularly useful for diagnosis because extensive, 
detailed information on the aorta can be straightforwardly 
obtained. In addition, MRI has been reported to be help- 
ful in diagnosis because the signal intensity of the aortic 
wall increases in the presence of PAU on both T1- and 
T2-weighted images.!619 

The natural history of PAU is still unclear, and opin- 
ions are also divided concerning the timing of treatment. 
Emergency operation 1s naturally necessary in patients 
showing persistent abdominal symptoms, a rapid increase 
in PAU, or unstable hemodynamics. However, some 
studies have shown a favorable prognosis of PAU that 
is frequently observed in elderly people even without 
active treatment. As shown by the pathological tissue of 
our patients, the intima and media of the aortic wall had 
been almost ruptured in saccular aneurysms due to PAU, 
increasing the risk of bleeding compared with common 
fusiform aneurysms. Goldstein et al. reported a case 
of PAU that ruptured 1 month after diagnosis.» Quint 
et al. followed up 38 patients with PAU (56 sites) using 
CT, and reported the progression of PAU and develop- 
ment of complications in 1/3 of the patients, suggesting 
difficulty in predicting the course of PAU based on CT 
findings.!» Concerning saccular aneurysms, Vorp et al. 
reported the importance of the shape and symmetry, in 
addition to size, to evaluate the risk of rupture and stress 
on the arterial wall.?® Hollier et al. recommend surgery 
for asymmetrical saccular aneurysms due to the risk of 
rupture irrespective of their size.?”) 

In 2 of our patients, aortic rupture occurred, and aortic 
or aneurysmal rupture was observed in 23% (n =15) of 
all patients including those in the literature evaluated in 
this study. Therefore, we consider that treatment should 
be initiated as early as possible in relatively young ac- 
tive patients. As another cautionary item, in Patient 1, 
since preoperative CT revealed no hematoma around the 
saccular aneurysm or abdominal aorta and the presence 
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of only ascites in the abdominal cavity, the diagnosis of 
aneurysmal rupture was difficult. In this patient, mass 
bleeding could be avoided due to intra-aneurysmal 
hematoma. However, the possibility that saccular aneu- 
rysms penetrate directly into the abdominal cavity, not 
bleeding into the retroperitoneal cavity, depending on 
the aneurysmal extension direction should be taken into 
consideration. 

Isolated abdominal dissection is rarely observed 
compared with aneurysms, accounting for 0.4%-—2% of 
all aortic dissections. This tendency is due to a 
decrease in elastin in the aortic wall from the chest to 
the abdomen." However, in the abdominal aorta unlike 
the thoracic aorta, changes in the media such as cystic 
medial necrosis rarely occur, and the presence of PAU 
may be closely associated with the development of ab- 
dominal aortic dissection. The onset of this dissection 
is often acute with symptoms such as abdominal and 
low back pain, but some cases are asymptomatic and 
incidentally detected. In some cases, there is no pain 
associated with dissection itself, and the dissection is 
manifested by branch ischemia due to the false lumen.?” 
Invasive treatment such as surgery and stent grafting 
are indicated in acute or symptomatic cases, but course 
observation including periodical evaluation using imag- 
ing techniques 1s recommended for asymptomatic or 
chronic cases. In our patient with isolated dissection, 
the course was observed, but surgery was selected due to 
its rapid increase after 1 year. However, there are no clear 
indications for surgery when isolated dissection leads to 
aneurysm formation, the risk of rupture is high compared 
with true aneurysms.!°424) Therefore, irrespective of the 
size, carefully observation is necessary. 

As another complication, thrombosis in the ulcer, caus- 
ing thromboembolism in the peripheral artery, has also 
been reported. In this study, lower limb arterial throm- 
bosis with PAU as the thrombosis source was observed 
in 9.2% (n= 6). When there is no cardiogenic thrombosis 
source, the necessity of suspecting the presence of PAU 
as a cause of embolism has also been suggested.?:3 

Concerning treatment methods, anatomical vascular 
reconstruction using vascular grafts, are generally per- 
formed. In recent years, stent grafts have been introduced, 
and treatment experiences with them for PAU and sac- 
cular aneurysms have been reported. Since the lesions 
of PAU, saccular aneurysms, or isolated abdominal dis- 
section are localized, an adequate landing zone can be 
obtained. Therefore, compared with fusiform aneurysms, 
the risks of migration and endoleak as complications 
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specific to stent grafting decrease.*-8!116.!7,21,24) In the 
future, stent grafting as well as surgery will be a treat- 
ment choice based on the patient’s general condition and 
preoperative activity. 


CONCLUSIONS 


We reported 4 patients with abdominal aortic disease 
caused by PAU, along with a review of the literature. 

PAU was conventionally considered to frequently de- 
velop in the thoracic aorta, but it may be a severe lesion 
that can similarly occur in the abdominal aorta and cause 
aortic dissection, saccular aneurysm, or aortic rupture. 
Patients with symptoms such as chest/abdominal pain or 
low back pain and those showing a rapid increase in PAU 
should be treated as soon as possible if they can tolerate 
surgery. Surgery should be recommended to patients 
with saccular aneurysms, and strict course observation 
is necessary in those with isolated dissection. 
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Surgical Treatment for Thoracic Aneurysms: 
Comparison of Stent Grafting and Open Surgery 
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Hiroshi Nagano, MD, Atsushi Tamura, MD, Kenichiro Noguchi, MD, Kazuhiro Naito, MD, 
Kazunari Nemoto, MD, and Hideo Adachi, MD, PhD 


Objectives: Karly and mid-term results of stent graft (SG) treatment for thoracic aortic aneurysms (thoracic 
endovascular aneurysm repair: TEVAR) were retrospectively compared with open surgical treatment. 
Methods: The records of 213 patients in whom single thoracic aortic aneurysm repairs had been performed 
in our department from January 2006 through August 31, 2009 were reviewed. Acute aortic dissection 
was excluded. Each case was reviewed for indications for TEVAR from an anatomical standpoint. Among 
62 cases in which TEVAR was indicated, 30 (SG group) were treated by TEVAR and 32, by open surgery 
(OP group). Early and mid-term results were analyzed retrospectively in both groups. 

Results: There were no operative deaths in either group. The SG group demonstrated significantly less 
operative bleeding, a shorter operative time, and shorter postoperative hospital stay compared with the 
OP group. There were 3 deaths in the SG group and 4 in the OP group, which occurred within an average 
of 656.4 days during the follow up period. The 3 year actuarial survival rate was 88.7% in the SG group 
and 87.1% in the OP group, and there were no significant differences between the groups. 

Conclusion: Although early and mid-term results of TEVAR and open surgery were similar, TEVAR is 
generally less invasive and may be preferable for high-risk patients, compared with open surgical repair. 


(English Translation of Jpn J Vasc Surg 2010; 19: 51-56.) 


Keywords: thoracic aortic aneurysm, vascular surgery, endovascular surgery 


INTRODUCTION 


With advances in medical techniques in recent years, 
surgical treatment for thoracic aneurysms has markedly 
improved. The indications for surgery have expanded 
to patients with complications and elderly patients, and 
surgery has been actively performed. In 2008, com- 


Department of Cardiovascular Surgery, Saitama Medical Cen- 


ter, Jichi Medical University, Saitama, Saitama, Japan 


Received: September 20, 2011; Accepted: December 6, 2011 
Corresponding author: Koichi Yuri. Department of Cardiovascular 
Surgery, Saitama Medical Center, Jichi Medical University, 1-847, 
Amanuma-cho, Omiya-ku, Saitama, Saitama 330-0834, Japan 

Tel: +81-48-647-2111, Fax: +81-48-645-0621 

E-mail: kyuri@jichi.ac.jp 

*This article is English Translation of Jpn J Vasc Surg 2010; 19: 
51-56. 


Annals of Vascular Diseases Vol.5, No.1 (2012) 


mercially available SG devices for thoracic aneurysms 
began to be covered by insurance in Japan, and treatment 
choices have increased. Therefore, the indications for 
stent grafting (SG) for thoracic aneurysms are expected 
to expand further. 

Open surgery for thoracic aneurysms is an almost 
established method. However, in many cases, its in- 
vasiveness requiring thoracotomy and extracorporeal 
circulation is a problem. On the other hand, since SG (tho- 
racic endovascular aneurysm repair: TEVAR) is a new 
treatment method, its long-term results are still unclear. 
At present when there are many treatment choices, the 
indications for both should be adequately considered, and 
the most appropriate treatment strategy for each patient 
should be selected. Although some studies have shown the 
superiority of TEVAR, it is unclear whether open surgery 
was selected for lesions strictly indicated for TEVAR.!2) 
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_Table 1 Reasons for stent graft choice 





_ Major specific indication Number K 
Patient request 9 30.0 
Advanced age 5 16.7 
Cardiopulmonary disorder 4 [333 
Advanced age * post-thoracotomy 3 10.0 
Central nerve disorder 3 10.0 
Post-thoracotomy 2 6.7 
Multiple aneurysms 2 6.7 
Dialysis l 3.3 
Cancer l 3.3 


We retrospectively evaluated early and mid-term treat- 
ment results in patients in whom both TEVAR and open 
surgery could be anatomically selected, and compared 
the two surgical methods. 


SUBJECTS AND METHODS 


We performed a retrospective study in 213 cases with 
a single thoracic aneurysm excluding acute aortic dissec- 
tion, who were surgically treated in our hospital between 
January, 2006 and August 31, 2009. All cases were classi- 
fied according to the location of the lesion, and sizing of 
the SG device was performed. SG was indicated in whom 
the landing zone could be >15 mm from the left common 
carotid artery on the proximal side and >15 mm from the 
celiac artery on the distal side, the arterial diameter at the 
landing zone was 20-38 mm, and excessive calcification 
was absent. Of the 213 patients, 62 (29.1%) had indications 
for SG in our center. When these patients were classified 
according to the actually selected treatment, 30 patients 
were classified as the TEVAR group (SG group) and the 
other 32 as the open surgery group (OP group). The both 
groups were retrospectively evaluated. 

For TEVAR, the Tokyo Medical University (T.M.U.) 
type SG device (Najuta, Kawasumi Laboratories, Tokyo) 
was Introduced in 2006, and a commercially available SG 
device (TAG® W.L. Gore, USA) was introduced in January 
2008. Before the introduction of the commercially available 
SG device, open surgery was the first choice. After the in- 
troduction of the SG device, SG was recommended as the 
first choice to high-risk patients such as those with many 
comorbidities, but the surgical method was finally selected 
by patients and their families with adequate, informed 
consent. Preoperative respiratory disorders were defined 
as those that require take-home oxygen therapy or treat- 
ment for respiratory dysfunction on an outpatient basis. 


Postoperative respiratcry disorders were defined as those 
that require controlled ventilateoon >72 hours after surgery. 

All values are expressed es the mean plus standard 
deviation, and statistical differences were analyzed us- 
ing Student’s t-test and the y% “est. The survival rate was 
analyzed using the Kaplan-Meier and Log-rank methods. 
P <0.05 was regarded as sign ficant. 





RESULTS 
1. Patient background 


The reasons for the selectior of SG in the 30 cases in the 
SG group are shown in Table 1. SG was selected due to 
high risk in 21 cases (70%). The most frequent reason was 
the patients’ wish, which was observed in 9 cases (30%). 
These results did not always reflect our selection criteria. 

A T.M.U. type Najuta was used in 23 of the 30 cases 
and a TAG® in 7. The proximal landing was further 
than Zone 4 in 21 patients; tae other 9 cases needed a 
proximal landing zone from Zone 0 to Zone 3. In the 
OP group, replacement of the descending aorta via left 
thoracotomy was performed m 25 of 32 cases, and total 
arch replacement using the median sternotomy, in 7. In all 
cases in this group, extracorporeal circulation was used. 
Four cases of descending aorza replacement performed 
at a normal temperature anc the other 17 cases were 
performed under hypethermi: circulatory arrest. In the 
7 cases who underwent total arch replacement, the mini- 
mum core temperature was 25°C, and distal circulatory 
arrest/antegrade selective cerebral perfusion was used as 
the standard procedure. 

As shown in Table 2, there were no significant dif- 
ferences in the mean age, male/female ratio, presence/ 
absence of atheroscleresis risk factors, preoperative respi- 
ratory dysfunction, emergency operation, or the history 
of open heart surgery, between the SG and OP groups. 








2. Early results 


There were no operative deaths in either group, and 
all cases in both groups were discharged on foot or 
transferred to another hospital. Postoperative cerebral 
infarction was observed in 3 cases in the OP group, 
paresis in 2, in the SG group, and paraplegia in |, in the 
OP group. However, these conditions improved after 
rehabilitation, and their incicence did not significantly 
differ between the two groups. The operation time, period 
(days), until the initiation of postoperative oral intake, and 
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Table 2 Preoperative data 


SG group (n = 30) OP group (n = 32) P value 
Age (y.0.) 70.1w14.1 69.6w10.7 0.89 
Gender (male: female) 25o 24: 8 0.41 
Hypertension 12 15 0.92 
Diabetes 4 5 0.72 
Chronic renal failure (Cr>1.5) 3 2 0.34 
Chronic respiratory disorder 6 3 0.24 
History of thoracotomy 5 4 0.64 
Emergency 3 4 0.60 
SG: stent graft; OP: open surgery 
Table3 Perioperative data and morbidity 
SG group (n = 30) OP group (n = 32) P value 
Replacement of the arch N/A 7 
Replacement of the descending aorta N/A 25 
Involvement of Zone 0-3 (4) 9 N/A 
Involvement of Zone 0-3 (~) 21 N/A 
Operative time (min) 198.3w87.9 413.1w121.9 <.001 
Operative bleeding (ml) 154.2w167.48 1002.3w895.1 <.001 
Blood transfusion (%) 3 (10.0%) 19 (59.4%) <.001 
Postoperative controlled ventilation (day) 1.0w0.0 3.41w3.9 0.016 
Postoperative oral ingestion (day) 1.tw0.4 6.71w11.9 0.013 
Cerebral infarction (%) 0 (0.0%) 3 (9.3%) 0.051 
Paraplegia (%) 2 (6.6%) 2 (6.2%) 0.70 
Postoperative hospital stay (day) 12.4w7.1 30.0w26.1 <.001 
Operative mortality 0 0 N/A 


SG: stent graft; OP: open surgery 


the postoperative hospital stay (days) were significantly 
shorter in the SG group, and the bleeding volume was 
significantly smaller in the SG group. The percentage 
of blood transfusion and the incidence of postoperative 
respiratory dysfunction were significantly lower in the 
SG group. Thus, the SG group was superior to the OP 
group, in terms of early results (Table 3). 


3. Mid-term results 


During the follow-up period, for a mean of 656.4 w 
547.8 days, 3 cases in the SG group and 4 in the OP group 
died or dropped out, but no significant differences were 
observed between the two groups (P = 0.89). The 3 year 
survival rate was 88.7% in the SG group and 87.1% in the 
OP group (Fig. 1). The cause of death was pneumonia/ 
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respiratory dysfunction in 2 cases, malignant tumors in 2, 
multi-organ failure in 2, and hematemesis, resulting in 
sudden death, in 1. | 

Events considered being associated with aneurysms 
were observed in 1 case in the SG group. In the above pa- 
tient who died of hematemesis, even though the aneurysm 
at the original treatment site had decreased in size, a new 
aneurysm formed central to the SG area and appeared 
to have ruptured into the esophagus. The exact cause of 
death was unclear, but infection of the SG device was 
strongly suspected. In 2 patients in the SG group, Type 
II endoleak persisted from immediately after the opera- 
tion, and their courses have been strictly observed on an 
outpatient basis despite no changes in the aneurysmal 
diameter. There have been no cases undergoing open 
surgery after TEVAR or additional TEVAR. 
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Fig. 1 Kaplan-Meier Survival Curves for the each group. 


DISCUSSION 


In Japan, as SG devices for thoracic aneurysms, TAG® 
(W.L. Gore, USA) and TALENT (Medtronic, USA) began 
to be covered by insurance in 2008 and have been used 
to the present. In addition, clinical trials on T.M.U. type 
Najuta are in progress, 1n HH institutions in Japan, and this 
device is also expected to be covered by insurance in the 
future. After the introduction of these devices, treatment 
choices for thoracic aneurysms have increased. According 
to the survey of the number of surgically treated cases 
conducted by the Japanese Society for Vascular Surgery, 
surgery for aneurysms in the descending aorta was 
performed in 683 cases in fiscal year 2006, 922 cases in 
2007, and 1214 cases in 2008, showing a marked increase. 
Of 1214 cases, 682 (56.2%) were treated by TEVAR. 
These values indicate the involvement of an increase in 
the number of cases treated by TEVAR, and a rise in the 
total number of surgically treated cases. However, the 
number of cases treated by TEVAR has been increasing 
without a general consensus regarding the relative merits 
between open surgery and TEVAR and criteria for the 
selection of treatment, 

Some studies that compared the groups treated by 
open surgery or TEVAR in other countries have shown 
the superiority of TEVAR in short-mid-term results. 
In Japan, a study, which compared the two methods us- 
ing a home-made device for lesions located in the same 
area, showed good early-mid-term results after both 


open surgery and TEVAR, but a significantly higher 


mid-long-term incidence of aneurysm-related events after 
TEVAR.* In this study, in the TEVAR group, the early 
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operative death rate was 2.5% (1 of 40 patients), but the 
mid-term incidence of aneurysm-associated events that 
occurred during 3 years was 17.9%, which was a high 
rate, compared with conventional open surgery. Thus, 
long-term follow-up 1s important even at present when 
there are commercially available devices. 

Although this was a retrospective study, the open 
surgery and SG groups were very similar when the le- 
sion localization and patient background were compared. 
No operative death was observed in either group, and 
early treatment results were favorable in both groups. 
However, postoperative cerebral infarction was observed 
in the open surgery group, but not in the SG group. In 
addition, the SG group showed a significantly smaller 
bleeding volume, significantly higher blood transfusion 
rate, and significantly shorter postoperative hospital stay. 
These results suggest that TE VAR is less invasive than 
open surgery. 

In this study, in the SG group, aneurysm-associated 
death was observed mid-term after surgery, and Type Il 
leak persisted after TEVAR, in 2 cases, who have been 
followed up to the present at the outpatient clinic, and 
in 9 of 30 cases, the SG device was placed proximal to 
Zone 3. In such cases, the proximal landing zone was 
often short, due to the presence of branches in the cervi- 
cal area compared with TEVAR distal to Zone 4 (Fig. 2). 
Therefore, concerning the long-term results of TEVAR, 
aneurysm-associated events should be carefully analyzed 
by close follow-up. 

The evaluation of 147 patients who underwent open 
surgery for aneurysms in the aortic arch, in our institu- 
tion, between 2000 and April 2008, showed no operative 
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Fig.2 A case of TEVAR. 
A: before deployment of SG. 


Stent Grafting and Open Surgery for Thoracic Aneurysms 





B: after deployment of SG. The proximal landing was at Zone 1. 
TEVAR: thoracic endovascular aneurysm repair; SG: stent graft 


death nor postoperative cerebral infarction in 97 patients 
aged <75 years. However, in patients aged >75 years, 


the operative death rate was 10%, and the incidence of 


cerebral infarction was 8.3%. Based on these results, we 
recommend TEVAR using commercially available SG 
devices for high-risk patients, such as elderly patients, 
as the first choice and open surgery to relatively young 
low-risk patients, considering that the long-term results 
of TEVAR are still unclear. Comparison of the patients’ 
preoperative background between the two groups in 
this study showed no significant difference in each item 
such as age. Although our policies were not always re- 
flected, the reason for the selection of TEVAR widely 
varied. We recommended open surgery to 9 patients in 
the TEVAR group, but the patients themselves finally 


selected TEVAR. This suggests marked demand for 


minimal invasiveness at present. In addition, to reflect 
these results in future strategies, we intend to perform 
closer, long-term follow up in these patients and analyze 
aneurysm-associated events. 

A questionnaire survey conducted in 2006 by the 
Japanese Association for Thoracic Surgery showed that 
arch replacement was performed by open surgery in 
1544 (35.2%) of 4382 surgically treated patients with 
non-ruptured thoracic aneurysms. The number of patients 
who underwent this operation has been increasing. The 
number of patients who underwent surgery of the de- 
scending aorta was 535, also showing an annual increase. 
The operative death rate was 4.5% each for aneurysms in 
the aortic arch and those in the descending aorta, and the 
early results of open surgery have annually improved.°? 
While the surgical results have continuously improved, 
medical companies and workers have made great efforts 
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to improve TEVAR devices, and their indications have 
gradually been expanding. To expand the indications of 
TEVAR to arch aneurysms, the T.M.U. type Najuta was 
developed in Japan, which took the lead in developing 
new devices, and favorable mid-long-term results have 
gradually been reported.” In the future, indications 
for TEVAR are expected to expand further, due to an 
improvement in development of devices for high-risk 
patients in whom surgery was not conventionally indi- 
cated, and the number of surgically treated patients with 
thoracic aneurysms may also increase. 

On the other hand, long-term results have not been ad- 
equately clarified. Makaroun et al.” evaluated the 5 year 
results of TEVAR using Gore TAG and reported that the 
incidence of major adverse events related to open surgery 
was 70% immediately after surgery, 77% after | year, and 
78.7% after 2 years, but the incidence did not increase, 
thereafter, until 5 years after surgery; however, that re- 
lated to TEVAR using TAG was 28% immediately after 
the operation, 42% after | year, and 57.9% after 5 years. 
showing a slight increase. Therefore, in young patients 
who require long-term follow-up, the risks and benefits 
of TEVAR should be adequately evaluated for treatment 


CONCLUSIONS 


The early-mid-term results of both TEVAR and open 
surgery were favorable, but TEVAR was less invasive. 
While the results of open surgery have improved, devices 
for TEVAR have been developed. In high-risk patients. 
the selection of less invasive TEVAR may be appropri- 
ate. However, not all problems regarding the long-term 
results have been overcome. According to age and the 
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general condition of the patient, open surgery may be the 
first choice. Surgical results may further improve, and 
indications may further expand by selecting treatment 
methods with consideration given to the advantages of 
both TEVAR and open surgery. 
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Technical Challenges in Endovascular Repair of Complex 
Thoracic Aortic Aneurysms 


Yuji Kanaoka, PhD, Takao Ohki, PhD, Naoki Toya, PhD, Atsushi Ishida, PhD, Hiromasa Tachihara, PhD, 
Shigeki Hirayama, PhD, Koji Kurosawa, MD, Makoto Sumi, PhD, Hiroki Ohta, MD, and Kenjiro Kaneko, MD 


Background: Endovascular aneurysm repair has gained widespread acceptance, and there has been a 
significant increase in the number of aneurysms treated with stent grafts. However, the endovascular 
technique alone is often not appropriate for anatomically complex aneurysms involving the neck branches. 
We used the TAG stent for thoracic aortic aneurysms (TAA), and report our initial results. 

Patients and Results: We deployed 80 TAG stents in 65 patients electively treated with TAA between June 
2006 and June 2008. Thoracic endovascular aneurysm repair (TEVAR) was performed in 45 cases of 
descending aortic aneurysm with no morbidity or mortality. A combination of open surgery and TEVAR 
was performed in 11 out of 20 cases with aneurysms of the aortic arch. The prior total arch replacement 
and elephant trunk procedure was performed in 3 cases with dilated ascending aorta, total debranching 
from ascending aorta with sternotomy in 5, and carotid-carotid artery crossover bypass in 3 cases. 
Meanwhile, TEVAR with coverage of the left subclavian artery was performed in the remaining 9 distal 
arch cases. In 3 cases with extremely short necks, a 0.018” guide wire was inserted percutaneously in a 
retrograde manner through the common carotid artery (CCA) into the ascending aorta to place the stent 
graft in close proximity to the CCA (wire protection). In 1 of these 3 cases, the TAG stent was deployed 
through the CCA, and the 0.018” guide wire was used to deliver a balloon-expandable stent in order to 
restore the patency of the CCA. In arch and distal arch aneurysm cases, perioperative mortality and the 
incidence of stroke were both 5.0%; dissection of the ascending aorta was seen in one case (5.0%). 
Conclusion: As treatment for descending aortic aneurysms, TE VAR can replace conventional open repair. 
However, TEVAR for arch aneurysms has some problems, and further improvement is necessary. (English 
Translation of Jpn J Vase Surg 2010; 19: 547-555.) 


Keywords: thoracic aortic aneurysm, endovascular surgery, stent graft 
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INTRODUCTION 


The TAG thoracic aortic stent graft system (TAG) (W. 
L. Gore & Associates, Inc., Flagstaff, AZ, USA) was ap- 
proved from the Ministry of Health, Labor and Welfare 
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(MHLW) as a stent graft for thoracic aortic aneurysms 
(TAA) in Japan on July 2008, which may further promote 
the application of thoracic endovascular aneurysm repair 
(TEVAR). The advantages of TEVAR in this field are ap- 
plicability without thoracotomy, which may be performed 
under local anesthesia in some cases, and a low incidence 
of paraplegia because aortic clamp is not necessary. How- 
ever, TEVAR alone is insufficient in many cases. Herein, 
we report the current outcomes and problems of our 
TEVAR and measures taken to overcome the problems. 
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Table 1 


Thoracic descending 
aortic aneurysms 





Patients’ profile 


Aortic arch end 
distal arch aneurysms 





45 cases 20 cases 

Gender male 33 (73.3%), female 11 male 16 (80%), female 4 n.s. 
Age 70.1 + 12.2 (22—84) years 78.6 + 7.9 (60-94 years p <0.05 
Etiology medial degeneration 38 19 

dissection (ULP) l l 

traumatic 2 0 

post-CoA repair | 0 

healed mycotic 2 0 

Marfan | 0 n.s. 
Co-morbidity hypertension 32 (71.1%) 14 (70%) n.s 

cardiac diseases 22 (48.9%) 11 (55%) n.s 

cerebral diseases 9 (20%) 6 (30%) n.s 

CKD 10 (22.2%) 5 (25%) n.s 

COPD 5 (11.1%) 5 (25%) n.s 
Diameter of TAA 60.6 + 13.2 mm 79.2 + 8.3 mm p <0.05 














ULP: ulcer-like projection; CoA: coarctation of the aorta; CKD: chronic kidney disease; COPD: chronic obstructive pulmonary 


disease; TAA: thoracic aortic aneurysm 


The data are shown as the mean + standard deviation, wherein p <0.05 in Welch’s t-test was considered to be significant. 


SUBJECTS AND METHODS 
1. Subjects 


Seventy-three patients underwent TEVAR at our hos- 
pital during a 2-year period between June 2006 and the 
approval of TAG as a device for TAA. Emergency surgery 
for rupture was performed in 8 of them. Excluding the 
rupture cases, 65 cases were investigated (Table 1). Since 
the device for TAA was not approved by MHWL in Japan 
during this period, it was purchased by private import 
after approval by the Internal Review Board (IRB). For 
the device, TAG was used. TAA was a thoracic descend- 
ing aortic aneurysm in 45 cases and arch and distal arch 
aneurysms in 20. There were 49 males and 16 females 
aged 22—94 years (mean: 71.1 + 13.5 years). TEVAR was 
specified as the first choice for thoracic descending aor- 
tic aneurysms when it was anatomically applicable, and 
it was selected for 45 of 46 cases (97.8%). Accordingly, 
TEVAR was applied even for 22- and 40-year-old patients 
with traumatic TAA. For arch and distal arch aneurysms, 
open repair (aortic arch replacement) were specified as 
the first choice, and TEVAR was selected in 20 of 34 
cases (58.8%). When the patients were divided into those 
with a thoracic descending aortic aneurysm and those 
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with arch and distal arch aneurysms, the age was sig- 
nificantly higher, aneurysm size was greater, and more 
concomitant diseases were present in patients with arch 
and distal arch aneurysms (Table 1). 


2. Surgical method 


In all patients, the access route and aneurysm were 
evaluated by contrast CT before surgery to decide on a 
therapeutic indication and device size, and a treatment 
strategywas prepared. Basically, a treatment plan was 
designed to prepare an at least 20-mm-long neck on both 
the proximal and distal sides. Particularly, a20-mm length 
of the neck on the proximal side was ensured as much as 
possible in arch aneurysm cases because of a disadvantage 
of placement in the curve region. When this was not pos- 
sible, the left subclavian artery was covered to deploy a 
stent graft, for which communication of the bilateral ver- 
tebral arteries was confirmed by preoperative CT. When 
no communication was noted, »ypass to the left subclavian 
artery was considered. When a 20-mm length of the 
proximal neck could not be obtained by covering the left 
subclavian artery, carotid-caro id artery bypass and bypass 
from the ascending aorta to the arch branch were consid- 
ered. In surgery, one side of the common femoral artery 
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Table2 Results of TEVAR 


Thoracic descending aortic aneurysms 


45 cases 
TEVAR alone 45 cases 

Mortality. 0 
Complication 
Iliac access 3 (6.7%) 
Duration of operation 159.1 + 78.0 min 
Blood loss 338.8 + 589.3 ml 
Volume of contrast 156.5 + 66.2 ml 


Fluoro time 26.3 + 12.1 min 
Hospital stay after TEVAR 
Endoleak 0 


TAR: total arch replacement 


was exposed, and the other side was punctured, through 
which a 5-F sheath was inserted. In cases with extremely 
tortuous and arch aneurysms, guide wire descent from the 
right upper limb was caught with a snare catheter inserted 
through the cut-down side and pulled through. A pigtail 
catheter was inserted through the 5-F sheath for angiog- 
raphy, a 20—24-F sheath was inserted through the cut-down 
side to deploy a stent graft, and the stent was expanded 
with a Tri-Lobe balloon. After confirmation byangiogra- 
phy, the sheath was removed and exchanged with a 9-F 
sheath, followed by confirmation of the absence of access 
route injury by angiography and intravascular ultrasonog- 
raphy (IVUS). 


RESULTS 
1. Thoracic descending aortic aneurysm (Table 2) 


There were 45 patients with thoracic descending aor- 
tic aneurysms. All patients were discharged without any 
complication. The mean operation time was about 2.5 
hours, the blood loss was about 300 ml, and about 150 
ml of contrast medium was used. An approach through 
the common iliac artery was necessary in 3 of the 45 
cases (6.7%), and pull-through wire was necessary due 
to tortuousity in 3 (6.7%) (Table 2). The duration of 
hospital stay after treatment was about 5 days. No en- 
doleak was noted after TEVAR in any patient. 
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5.5 + 3.7 days (1—13 median, 4.5 days) 


Aortic arch and distal arch aneurysms 


20 cases 
left SCA cover 9 cases 
partial debranching (carotid-carotid bypass) 3 cases 
total debranching 5 cases 
prior TAR (elephant trunk) 3 cases 
1 (5%) 
dissection of ascending aorta 16%) 
brain infarction 1 (5%) 


1 6%) 
292.7 + 140.6 min 
735.8 + 800.0 ml 
189.4 + 88.0 ml 
27.5 + 10.9 min 
15.2 + 14.6 days (1-52 median, 9 days) 
2 (10%) 


2. Arch and distal arch aneurysms 


Arch replacement was performed in 14 patients with 
arch and distal arch aneurysms because the systemic 
condition was favorable and indicated open repair. The 
remaining 20 patients were treated with TEVAR, and the 
left subclavian artery was covered to deploy a stent graft 
in 9 of the 20 cases, in which communication of the bi- 
lateral vertebral arteries was confirmed by preoperative 
CT, and intraoperative selective angiography was per- 
formed to confirm that the bilateral vertebral arteries were 
connected to the basilar arteries, respectively. Surgery 
was combined because of the lack of a proximal landing 
zone in 11 of 31 cases (Table 2). Carotid—carotid artery 
(-subclavian artery) bypass was applied in 3 (Fig. 1), 
total debranching from the ascending aorta was applied 
in 5 (Figs. 2 and 3), and 2-stage TEVAR with prior as- 
cending arch replacement with an elephant trunk in 3 
(Fig. 4, Table 2). To deploy a stent graft in the closest 
proximity to the left common carotid artery, the carotid 
artery was percutaneously punctured and 0.018” guide 
wire was inserted and advanced to the ascending aorta, 
followed by stent graft deployment (carotid puncture wire 
protection method) in 3 cases (Fig. 5). In one of these, 
an Express Stent (Boston Scientific) was retrogradely 
deployed in the left common carotid artery because this 
artery was covered. , 

Approaches through the common iliac artery and 
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Fig. 1 TEVAR with partial debranching (carotid-carotid artery cross-over bypass). 
A: Preoperative angiography shows a distal arch aneurysm located just distal to the 


left subclavian artery. 


B: The graft is passed between the esophagus and cervical vertebra. 

C: Postoperative angiography shows that the aneurysm is excluded from the systemic 
circulation after partial debranching and TEVAR. 

D: Postoperative CT angiography reveals that the aneurysm is completely excluded 


from the systemic circulation. 


ascending aorta were necessary for | of the 20 cases (5%) 
and 2 debranching cases (10%), respectively. One case in 
which the left subclavian artery was covered to apply 
TEVAR fora distal arch aneurysm was lost due to sudden 
death from myocardial infarction. Regarding complica- 
tions, dissection of the ascending aorta occurred in one, 
and right hemiplegia associated with cerebral infarction 
occurred in one treated with debranching. In addition, 
endoleak was noted in 2: a distal arch aneurysm case 
treated with TEVAR and an arch aneurysm case treated 
with debranching, and additional stent grafting was 
necessary after one year. 


DISCUSSION 


The TAG stent graft system (W. L. Gore & Associates, 
Inc.) approved by MHWL as a thoracic stent graft on July 
12, 2008 and was made available in Japan (Fig. 6). It was 
approved by the FDA in 2005 and has been widely used 
in the U.S., and it will also become widely used in Japan. 
We have been using TAG since 2006, 2 years earlier than 
the approval by MHWL in Japan. TAG is relatively flex- 
ible and bends, readily fitting the curve of the arch, as its 
characteristics. In addition, it can be accurately placed and 
is less likely to be moved by blood pressure toward the 
distally because it is released from the center. Furthermore, 
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A B 
C D 
Fig.2 TEVAR with total debranching. 

A: Preoperative angiography shows that neck branches are involved with a huge 

arch aneurysm. 

B: The TAG stent graft is deployed from the ascending aorta after total debranching 

of the neck vessels with a median sternotomy. 

C: Postoperative angiography shows that the aneurysm is excluded from the systemic 

circulation after total debranching and TEVAR. 

D: Postoperative CT angiography reveals that the aneurysm is completely excluded 

from the systemic circulation. 
A B 





Fig. 3 Operative view of total debranching + TEVAR. 
We usually use the tube graft for debranching the neck vessels. 
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Fig. 4 Prior total arch replacement with an elephant trunk and TEVAR. 
Initial angiography shows a residual thoracic aneurysm after total arch replacement 
with an elephant trunk. Arrows show the vascular clip to identify the distal end of 
the elephant trunk. 





Fig. 5 TEVAR with carotid puncture wire protection. 
A 0.018” guide wire was inserted percutaneously in a retrograde manner tarough the 
common carotid artery (CCA) into the ascending aorta with the objective ot deploying 
the stent graft in close proximity to the CCA. When the stent graft is deployed across 
the CCA, this 0.018” guide wire is used to deliver a balloon-expandable stent in order to 
restore the patency of the CCA. 
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Fig. 6 Treatment strategies for aortic arch and distal arch aneurysms. 


TAR: total arch replacement 


the Tri-lobe balloon for expansion does not completely 
occupy the aortic lumen when it is inflated, which also 
avoids moving the stent toward the distally. 

The indication 1s, briefly, aneurysms with a long neck 
(20 mm or longer) and a diameter of 23-37 mm. Accord- 
ing to the clinical trial results of TEVAR using TAG and 
open repair of thoracic aneurysms in the U.S., the surgi- 
cal mortality rates were 2.1 and 11.7%, respectively, 
showing a significantly lower rate in TEVAR.” In addi- 
tion, the incidence of postoperative complications was 
also significantly lower in the TEVAR group: spinal 
ischemia, 14% in open repair vs. 3% in TEVAR; respira- 
tory insufficiency, 20 vs. 4%; renal failure, 13 vs. 1%.) 
Our outcomes regarding the thoracic descending aortic 
aneurysms were also favorable. These early outcomes 
suggested that our treatment plan specifying TEVAR as 
the first-choice for thoracic aneurysms meeting the ana- 
tomical conditions is appropriate. 

The delivery sheath size is 20—24 F, which frequently 
causes problems in peripheral blood vessels including the 
access route even in western people, and it should be more 
carefully applied in Japanese with a smaller physique. 
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An unfavorable access route can be dealt with by an iliac 
arterial approach in many cases.” *) We also investigated 
the presence or absence of an injury by angiography of 
the access route while leaving the guide wire after sheath 
removal, and noted iliac arterial dissection in 8 (12.3%). 
for which a stent was placed. 

The usefulness and low-invasiveness of TEVAR for 
thoracic descending aneurysms are apparent, but prob- 


5.6 Be 


lems of TEVAR are concentrated in arch aneurysms’ 
placement in the curve and maintenance of branch blood 
flow. To deploy a stent graft in the arch, it is necessary 
to secure a landing zone as long as possible, for which 
we devised various methods. 

Covering of the left subclavian artery and wire protec- 
tion (carotid puncture wire protection) 

For distal arch aneurysms, covering of the left subclavian 
artery was necessary to deploy a stent graft in many cases, 
for which communication between the bilateral vertebral! 
arteries was confirmed on preoperative CT, and the com- 
munication was ensured by intraoperative angiography of 
the vertebral arteries. When the communication is absent, 
reconstruction of the subclavian artery is considered in 
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cases using the left internal thoracic artery as a graft for 
coronary artery bypass grafting (CABG). Wire protection 
is useful to deploy a stent graft directly below the left 
common carotid artery to elongate the neck, in which the 
carotid artery is percutaneously punctured using a micro- 
puncture kit, and a 0.018” guide wire is inserted and ad- 
vanced to the ascending aorta, followed by stent graft 
deployment (Fig. 5).”*) This method enables stent graft 
deployment at the closest proximity of the carotid artery 
using this wire as a marker, as well as securing antegrade 
blood flow of the carotid artery by retrograde deployment 
of a balloon-expandable stent using this wire, as needed. 
This is a recovery method for the covered carotid artery, 
giving a sense of security, and it is also useful because the 
closest proximity of the carotid artery can be targeted. We 
deployed a stent at the closest site to the left carotid artery 
in 3 cases, and a stent was placed in the common carotid 
artery because the left common carotid artery was covered. 


Hybrid surgery 


l. Carotid-carotid artery bypass (partial debranching) 
This is effective when the aneurysm can be excluded 
by placing a stent graft at the closest site to the brachioce- 
phalic artery. We make an about 3-cm incision along the 
anterior margin of the bilateral sternocleidomastoid 
muscles to expose the common carotid artery, and, nor- 
mally, an 8-mm PTFE graft is passed along the posterior 
surface of the esophagus for the shortest distance (Fig. 1). 
In a case using the left internal thoracic artery for CABG 
and a case with poor communication between the bilateral 
vertebral arteries, TEVAR was performed after applying 
bypass to the left subclavian artery. The longest proximal 
landing zone can be prepared by deploying a stent graft 
at the closest site to the brachiocephalic artery on com- 
bining the wire protection described above, 1.e., the fol- 
lowing method is useful: 0.018” wire or a 4-F sheath is 
inserted into the right brachial artery through the exposed 
right carotid artery, and 0.035” wire is placed in the as- 
cending aorta to deploy a stent graft. Carotid—carotid 
artery bypass can be safely applied even after heart 
surgery because no median sternotomy is necessary. On 
the other hand, a wide landing zone cannot be prepared 
in cases in which the brachiocephalic and left common 
carotid arteries are not sufficiently apart or the arteries 
share a common vessel. Moreover, the proximal side of 
the stent may be positioned at the arch peak in some cases, 
to which attention should be paid because the small cur- 
vature side rises like a bird beak and may cause endoleak. 
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2. Debranching of all arch branches (total debranching) 

When an aneurysm cannot be excluded unless it 
reaches t ascending aorta, debranching of all neck 
branches is useful”!°’ on conditions that the ascending 
aortic properties are favorable (without calcification and 
thrombus) and the diameter is 37 mm or smaller. The 
properties of the ascending aorta are confirmed on pre- 
operative CT, and when the properties are favorable, the 
ascending aorta is clamped with partial aortic clamps, 
and the proximal side of a prosthetic graft is end-to-side 
sutured. We normally end-to-side anastomose the proxi- 
mal side of an 8-10-mm sing e prosthetic graft with the 
ascending aorta, followed by exposure of the brachioce- 
phalic artery and side-to-end anastomosis with the pros- 
thetic graft. The left commor carotid artery is similarly 
side-to-end and the left subc avian artery is end-to-end 
anastomosed. The proximal sides of the neck branches 
were closed by suture (Fig. 2°. The bifurcated prosthetic 
graft may be used, but, since sroximal-side anastomosis 
was performed under partial clamp, fewer problems oc- 
cur when the graft diameter is small. Since aneurysms 
do not disappear, unlike those after arch replacement, a 
smaller diameter of an additional prosthetic graft is ad- 
vantageous because the prosthetic graft can be entirely 
covered with the thymus and fat tissue on closing the 
sternum. Thus, we use a tube prosthetic graft for recon- 
struction (Fig. 3). After debranching neck branches of 
an aortic aneurysm, a stent graft is deployed through the 
femoral artery. We temporary block the prosthetic graftl 
when TAG is passed through the arch to prevent cerebral 
infarction. When the access raute from the femoral artery 
is unfavorable, it is useful to Geploy a stent graft through 
one leg of a bifurcated prosthetic graft sutured to the 
ascending aorta. When the proximal side landing zone 
is short, we apply banding of the proximal-side neck from 
outside the aorta or fixation of the stent graft with poly- 
propylene suture applied outs:de the aorta. 


3. Two-stage surgery with pror arch replacement 
(elephant trunk) 

Debranching is not indicated for cases with a dilated 
ascending aorta. When an aneurysm extends widely, as- 
cending arch replacement precedes to prepare an elephant 
trunk on the distal side, followed by TEVAR. Setting the 
proximal-side landing zone in the elephant trunk, a stent 
graft is deployed in the region ranging to the normal distal 
region (Fig. 4).!!® Extended aneurysms can be treated, 
and this method is also applicable for dissection cases. It 
is convenient to apply 3-5 vaseular clips to the distal end 
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of the elephant trunk during arch replacement as markers 
for TEVAR. 

The open stent method,!® which has been performed 
in Japan, is now also used as the frozen elephant trunk 
technique!) in western countries. Reportedly, the sys- 
temic circulatory arrest can be shortened because distal- 
side anastomosis in arch replacement can be applied at a 
more proximal site. This method is indicated for arch 
replacement with poor properties of the ascending aorta, 
arch replacement requiring heart surgery, and aortic dis- 
section requiring total arch replacement. However, em- 
ployment of this method should be carefully decided 
because the occurrence of paraplegia has been pointed 
out,!>) and we do not adopt this method. 

The indication of TEVAR was expanded by combining 
surgery for arch and distal arch aneurysms in which a 
sufficient landing zone cannot be prepared because of the 
curve and neck branches. When debranching 1s employed, 
it is advantageous to perform TEVAR in one stage be- 
cause temporary clamp of the right common carotid or 
artery or prosthetic graft during passing a stent graft 
through the arch may prevent cerebral embolus. However, 
in the current situation, there is still room for improve- 
ment based on the short-term outcomes including the 
incidence of cerebral infarction; while arch replacement 
can be performed safely, TEVAR cannot be specified as 
the first-choice for arch aneurysms. The incidence of 
endoleak was also higher than that after TEVAR for 
thoracic descending aortic aneurysms, for which careful 
follow-up is necessary. At present, we decide on a thera- 
peutic strategy based on the systemic condition and ana- 
tomical characteristics of patients (Fig. 6). 


CONCLUSION 


TEVAR was investigated. The outcome of TEVAR for 
thoracic descending aortic aneurysms was satisfactory, 
suggesting that TEVAR is appropriate as a first-choice 
treatment. In arch and distal arch aneurysms, preparation 
of a sufficient landing zone is difficult in some cases due 
to the curve and to maintain blood flow in the neck 
branches. For these cases, the indication of TEVAR was 
expanded by combining surgery, but there is still room 
to improve based on the short-term outcomes. At present, 
the first-choice treatment for aneurysms involving the 
arch is arch replacement, and TEVAR should be selected 
corresponding to cases. 
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Technical Challenges in TEVAR 
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Examination of Difference in the Proximal Anastomotic 
Site for Crus, Ankle Bypass: Common Femoral Artery vs 
Below the Knee Popliteal Artery 


Takashi Shibuya, MD, PhD,' Takashi Shinntani, MD,! Seiji Edogawa, MD,! and Hisashi Satoh, MD, PhD? 


Objective: We evaluated the outcomes of bypass surgery for revascularization in cases of critical limb 
ischemia with the distal anastomotic site at or below the ankle; we focused on the differences in outcomes 
between 2 groups having different proximal anastomotic sites. 

Patients and Methods: Out of 270 cases diagnosed with critical limb ischemia from January 2003 to 
October 2009, bypass surgeries with the distal anastomotic site at or below the ankle were performed on 
the limbs of 69 patients (75 limbs). These cases were classified on the basis of the proximal anastomotic 
sites: group F (n = 50) where the common femoral artery was the proximal anastomotic site and group 
P (n = 25) where the below-knee popliteal artery was the site. 

Results: The 5-year cumulative primary/secondary patency rates were 69.3°/81.8% for group F and 
68.7°%/84.9% for group P. The 5-year cumulative limb salvage rate was 97.9% in group F and 80.3% in 
group P. 

Conclusion: Among the cases reviewed, results were comparable between cases with the proximal anas- 
tomotic site at the below-knee popliteal artery and those with the site at the cammon femoral artery. 





INTRODUCTION 


— of chronic arterial occlusion disease continues 
to rise, with increased life expectancy and changing 
lifestyles. As a result, opportunities to perform surgical 
lower-limb revascularization procedures like bypass 
surgeries with the distal anastomotic site in the leg or 
at or below the ankle are increasing. In this study, we 
evaluated the outcome of bypass surgery with the distal 
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anastomotic site at or below the ankle; we primarily 
focused on differences in outcomes between 2 groups 
having different proximal anastomotic sites. 


SUBJECTS AND METHODS 


Of 270 cases of critical limb ischemia diagnosed 
between January 2003 and October 2009, surgical re- 
vascularization was considered feasible and performed 
in 259 instances. Of these, bypass surgery with the distal 
anastomotic site in the ankle region was performed on the 
limbs of 69 patients (75 limbs). These cases were classi- 
fied on the basis of the proxsmal anastomotic sites into 
a femoral artery group (F) end a below-knee popliteal 
artery group (P). The patency rates for these 2 groups 
were examined and compared. 

Selection of the operative procedure: The proximal 
anastomotic site was determined using computed tomog- 
raphy angiography (CTA) and duplex scans. In instances 
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Comparison of Inflow Site for Distal Bypass 


Table 1 Patient characteristics 





No. of patients/leg (including cases belonging to both groups) 


Age (mean) 


Gender (M/F) (including cases belonging to both groups) 


Disease related with CLI (ASO/TAO) 
Fontaine grade HI 

Fontaine grade IV 

DM 

CRF 

MI 

CI 


Group F Group P 
46/50 25/25 
24-88 (71) 39-88 (70) 
33/13 16/9 
43/3 24/1 
23 (46.0%) 4 (16.0%) 
27 (54.0%) 21 (84.0%) 
21 (46.7%) 13 (54.1%) 
12 (26.7%) 9 (37.5%) 
17 (37.7%) 9 (37.5%) 
11 (24.4%) 6 (25.0%) 


DM: diabetes mellitus; CRF: chronic renal failure; MI: myocardial infarction; CI: cereblovascular infarction; 
CLI: critical limb ischemia; ASO: arteriosclerosis obliterans; TAO: thromboangitis obliterans 


Table 2 Graft material 


No 
in situ bypass 26 
Non reversed vein bypass 18 
Reversed vein bypass 12 
Spliced vein graft 19 


where no significant lesions were seen 1n the superficial 
femoral artery (SFA) as well as the proximal popliteal 
artery, the below-knee popliteal artery was considered 
the anastomotic site. The final decision was made by 
confirming the intraoperative blood flow in the post- 
anastomotic segment, confirmed beats of the popliteal 
artery with palpation. 

Selection of grafts: Venous autografts were used for 
every surgery and their properties were evaluated using 
the duplex scan. The most important factors determining 
the selection of an operative procedure were the venous 
properties of each case; where there were no differences 
in venous properties, the less invasive operative proce- 
dure was chosen. 

After vascular clamping, 100 U/kg of heparin was 
intravenously administered. Oral anti-platelet drugs and 
warfarin were given, and the prothrombin time-interna- 
tional normalized ratio was maintained at 1.5—2.5. After 
the operation, we started the patients on oral adminis- 
trations of these drugs. Following surgery, follow-up of 
the patients was done using duplex scans at intervals of 
1 month, 3 months, and every 3 or 4 months thereafter. 
When suspected stenoses were confirmed, their origins 
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Group F Group P 

20 (40%) 6 (24%) 
8 (16%) 10 (40%) 
4 (8%) 8 (32%) 

18 (36%) 1 4%) 


were traced by CTA and additional treatment was pro- 
vided in cases with significant lesions. 

The study included 69 patients (48 men, 21 women) 
with a mean age of 70 years (range, 24—88 years). A total 
of 75 limbs were treated. Table 1 details the preoperative 
characteristics of the patients and their lesions, including 
coexisting diseases and the Fontaine and TransAtlantic 
InterSociety Consensus (TASC) status. Table 2 provides 
information regarding the grafts. 

The Kaplan—Meier analysis was used to assess primary 
and secondary graft patency, as well as limb salvage on 
the basis of the selection of proximal anastomotic sites. 
Cox hazard testing was used to compare results between 
the 2 groups. P <0.05 was considered significant. All 
analyses were conducted using JMP software (version 
8.0, SAS Institute, Cary, NC, USA). 


RESULTS 
In 1 case of SFA stenting, the proximal anastomotic site 
determined by the preoperative CTA changed from the 


below-knee popliteal artery to the common femoral artery 
on the basis of confirmation of intraoperative blood flow. 
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Fig. 1 Primary patency rates comparing group F to group P. The primary patency rate is 69.3% for 
group F and 68.7% for group P after bypass surgery. 


The mean operative time and the mean blood loss were 
298 min and 449.7 ml in group F, and 243 min and 324 ml 
in group P, respectively. 

The 5-year cumulative primary/secondary patency 
rate was 69.3%/81.8% for group F and 68.7%/84.9% for 
group P (Figs. 1 and 2). 

Endovascular repair of SFA was performed simulta- 
neously for 4 group P patients, all of which were TASC 
A cases who obtained patency during the observation 
period. 

There were no intraoperative deaths; however, occlu- 
sion occurred in 11 limbs: 8 (16%) in group F and 3 (12%) 
in group P. Following occlusion, 8 limbs were Fontaine 
stage III or below: 6 limbs in group F and 2 limbs in 
group P. One limb in group F was stage IV, and major 
amputation from the ankle to the center was performed 
on 2 limbs (1 limb [2%] in group F and 1 limb [4%] in 
group P). 

In addition, amputation due to infection in spite of 
graft patency was performed on 3 limbs in group P, all 
of which were either of patients with diabetes or chronic 
renal failure. The 5-year cumulative limb salvage rate was 
97.9% in group F and 80.3% in group P (Fig. 3). There 
is no statistically significant difference in primary and 


secondary patency, as well as in the limb salvage rate, 
between groups F and P. 


DISCUSSION 


With an increase in the incidence of diabetes and cases 
of chronic renal failure,” instances of bypass surgery with 
the distal anastomotic site at or below the ankle have also 
increased.” Securing adequate blood flow at the proximal 
anastomotic site is fundamental to the bypass procedure. 
Therefore, in many cases the common femoral artery is 
chosen as the proximal anastemotic site despite the fact 
that significant vein harvesting of bypass material is 
required to cover the entire lower limb. Operative proce- 
dures using the popliteal artery site have been reported in 
Europe and America.*~’) In Japan, since target lesions of 
lower limb ischemia bocalize mostly in the femoral and 
popliteal arteries, most operative procedures involve the 
common femoral artery. However, simultaneous to the 
increase in cases of diabetes and chronic renal failure, 
situations where lesions in the legs play a main role in 
the disease pathology have also increased. Due to these 
changes, the frequency of per orming bypass procedures 
involving the popliteal artery which was rarely selected 
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Comparison of Inflow Site for Distal Bypass 
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Fig. 2 Secondary patency rates comparing group F to group P. The secondary patency rate is 81.8% 
for group F and 84.9% for group P after bypass surgery. 
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Fig.3 Limb salvage rates comparing group F to group P. The limb salvage rate is 97.9% for group F 
and 80.3% for group P after bypass surgery. In addition, amputation due to infection, in spite 
of graft patency, was performed on 3 limbs in group P, all of which were either of patients with 
diabetes or chronic renal failure. 
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before, is increasing.*) 

The most important factor in the criteria that sets the 
proximal anastomotic site as the below-knee popliteal 
artery is the absence of a significant lesion in SFA. 
Palpable beats of the popliteal artery and absence of 
significant stenosis on diagnostic imaging were previ- 
ously reported adaptation conditions.” In the present 
study, absence of significant lesions on CTA in SFA or 
the popliteal artery and confirmation of intraoperative 
blood flow in the below-knee popliteal artery are the 
adaptation conditions. However, an intraoperative deci- 
sion taken in 1 case changed the proximal anastomotic 
site to the common femoral artery. Although, palpable 
beats of the popliteal artery is somewhat subjective, there 
is considered reasonable for this study. 

Development of lesions in SFA postoperatively is an 
interesting finding. This phenomenon does not occur 
very often when the proximal anastomotic site is the 
below-knee popliteal artery.'” Similarly, in our study, 
significant development of proximal lesions was not seen 
in the 3 cases with occlusion in group P. Furthermore, no 
case in group P required additional treatment for proxi- 
mal SFA lesions during the postoperative observation 
period. When considering the grafts used, cases with 
spliced vein grafts totaled 36% in group F, whereas there 
was only | (4%) case in group P. Bypass surgeries in all 
other cases were performed using a single-vein graft. In 
addition, in-situ bypasses were also feasible for 24% of 
group P, a finding similar to that previously reported.' 
Furthermore, operative time and blood loss tended to be 
less in group P than in group F. These results support the 
usage of the below-knee popliteal artery as a proximal 
anastomotic site, the advantages being a shorter graft 
length that reduces the amount of vein harvested, sim- 
plification of the operative procedure, and reduction in 
operative time and blood loss. Due to recent developments 
in endovascular repair procedures, there is an increase in 
the number of reports on results for TASC A and B lesions 
in the femoral artery region.'*) There are also reports on 
combination endovascular repair for TASC A lesions in 
the SFA region and bypass surgery in the leg.!>!® In this 
study, endovascular repair was performed in 4 cases of 
TASC A with similar outcomes. Hence, good results 
with endovascular repair in the femoral artery region 
are additional incentives to encourage the use of this 
bypass design. 

Although a previous report had concluded that patency 
rates are higher when the proximal anastomotic site is at 
the above-knee popliteal artery than at the below-knee 
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popliteal artery,'>) the primacy and secondary five-year 
patency rates in our study showed no differences for 
groups F and P. The results obtained in this study indicate 
that if neither SFA nor the pop iteal artery have significant 
lesions, the outcome of a bypass surgery using below- 
knee popliteal artery as the proximal anastomotic site is 
comparable to that where the common femoral artery is 
used. Furthermore, there may be an advanced possibility 
that endovascular repair of SFA to secure inflow may also 
be established on the basis of strict adaptation.'® 


CONCLUSION 


Bypass surgery cases around the ankle with the ab- 
sence of lesions in SFA as well as the popliteal artery, 
and with the proximal anastomotic site at the below-knee 
popliteal artery shows results comparable to cases with 
the site at the common femoral artery. 
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Lowered Postoperative Ldl-C/Hdl-C Ratio Reduces Later 
Cardiovascular Events after Abdominal Aortic Aneurysm 


Surgery 


Tsuyoshi Kanaoka, MD,! Junichiro Takahashi, MD,' Yutaka Wakamatsu, MD,' Kouji Ishii, MD,' 
Toshihiro Gohda, MD,! Shigeyuki Sasaki, MD, and Yoshiro Matsui, M D? 


Purpose: To examine the relationship between the incidence of later cardiovascular events after abdominal 


aortic aneurysm (AAA) surgery and postoperative lipid levels. 


Methods: Atherosclerotic risk factors including postoperative serum lipid levels were examined in 116 


patients aged 70 or less undergoing an elective AAA surgery. Later cardiovascular events after AAA 


surgery occurred in 21 patients, including cerebral infarction (n = 4), catheter intervention or surgery 


for coronary artery disease (CAD) (n = 10) and other vascular disease. 


Results: Postoperative cholesterol levels during the average follow-up period of 55.6 + 44.3 (months) were 
49.0 + 15.7 (mg/dL) for high-density lipoprotein cholesterol (HDL-C), 97.9 + 31.2 (mg/dL) for low-density 
lipoprotein cholesterol (LDL-C), which were both significantly improved compared to preoperative values 


(p <0.001). Cox hazard analysis indicated that preexistent CAD significantly increased in the risk for 
later cardiovascular events (hazard ratio 5.67; 95%CI 1.92—16.8; p = 0.002) amd lowered postoperative 
LDL-C/HDL-C ratio <1.5 decreased in the risk after AAA surgery (hazard ratio 0.10; 95%CI 0.01—0.83; 
p = 0.033). Patients with postoperative LDL-C/HDL-C ratio <1.5 (n = 22) had a significantly better car- 
diovascular event-free rate than those with that ratio >1.5 (n = 94) (p = 0.014). 

Conclusion: Lowered postoperative LDL-C/HDL-C ratio <1.5 can decrease in the risk for later cardio- 
vascular events after AAA surgery. These results may support the rationale for postoperative aggressive 


lipid-modifying therapy. 
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INTRODUCTION 


bdominal aortic aneurysm (AAA) is an asymptom- 

atic condition with a high mortality rate related to 
rupture, which has been the cause of | to 2% of all deaths 
in the Western world. AAA principally develops from 
arteriosclerosis, which is often associated with other 
arteriosclerotic cardiovascular disorders like coronary 
artery disease (CAD).'*~° The reported mean 5 year 
crude survival in patients with AAA after surgical repair 
was approximately 70%, while the expected survival ina 
control population matched for age and gender was close 
to 80%.-® The survival was further reduced by about 
10% in cases with significant CAD.* For the primary 
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prevention of atherosclerotic disease, such as CAD, the 
importance of adequate control of dyslipidemia has been 
reported, recently, and lipid-modifying therapies like 
statin treatment have an established role in the treatment 
of occlusive atherosclerotic disease.” !® Although the 
value of lipid-modifying therapies in the etiology of AAA 
remains to be controversial, Golledge et al. described 
the role of high-density lipoprotein cholesterol (HDL- 
C) levels in predicting the risk of AAA development.!” 
Patients with AAA are at high risk for developing other 
atherosclerotic cardiovascular disorders, but few reports 
have described the value of secondary prevention for athero- 
sclerotic disease after AAA surgery.!® We have previously 
reported that lowered preoperative HDL-C <35 mg/dL 
was one of significant predictors for developing later 
cardiovascular events after AAA surgery.!® In this pre- 
vious paper, we conducted detailed investigation on the 
preoperative characteristics of patients with or without 
later cardiovascular events.!® The next point should be 
the issue as to whether postoperative lipid-modifying 
therapy can decrease in the risk for later cardiovascular 
events and improve the prognosis after AAA surgery, 
even in the high-risk patient group. For that purpose, we 
retrospectively analyzed the postoperative serum lipid 
levels and other atherosclerotic risk factors related to 
cardiovascular events occurrence in patients undergoing 
AAA surgery. The purpose of this study was to examine 
the relationship between the incidence of later cardiovas- 
cular events after AAA surgery and atherosclerotic risk 
factors, in particular postoperative serum lipid levels. 


PATIENTS AND METHODS 


This retrospective study was performed on 116 pa- 
tients aged 70 or less undergoing an elective repair of 
non-ruptured AAA between August 1988 and February 
2011 in the Division of Cardiovascular Surgery, Aishin 
Memorial Hospital. All patients were Japanese and con- 
sisted of 108 male and 8 female patients with a mean age 
of 64.1 + 5.0 years (range from 50 to 70 years). To limit the 
influence of aging on cardiovascular events, we limited 
the patient population in this study to those who were 
<70 years old at the time of surgery. Either preoperatively 
or postoperatively, 92 patients (79.3%) received treatment 
for hypertension (HTN); 12 (10.3%) for diabetes mellitus 
(DM) and 45 (38.8%) received statins for dyslipidemia. 
There was a history of CAD without an indication for 
percutaneous catheter intervention (PCI) or coronary 
artery bypass grafting (CABG) in 35 (30.2%) patients. 
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There were no patients with inflammatory or infectious 
aneurysm in this study. 

The diagnosis of AAA was established by the findings 
of enhanced computed tomography (CT) in all cases, and 
AAA greater than 50 mm in diameter were determined to 
have an indication for surgery. Patients with an indication 
for AAA surgery received preoperative coronary artery 
evaluation by traditional coronary angiography (CAG) 
or coronary CT (CTCAG). A patient was diagnosed as 
having CAD, when CAG or CTCAG demonstrated ste- 


nosis that was equal to or had exceeded 50% (250%) in 


at least one major coronary artery or in its main branch. 
The treatment option for the CAD, such as PCI or CABG, 
was determined by the strategy resembling the Guidelines 
proposed by American College of Cardiology (ACC) and 
American Heart Association (AHA) Task Force Report 
in 1993 and its updated version.!>-!®) Patients who had a 
severe CAD with an indication for PCI or CABG at pre- 
operative evaluation or those with perioperative coronary 
events were excluded from this study. Patients presenting 
with CAD without an indication for PCI or CABG were 
defined as having a “known” CAD in this study. The pro- 
cedure of AAA repair was a prosthetic aortic replacement 
with a bifurcated or tube graft in all patients, in this study. 
Patients with a known CAD received perioperative medi- 
cal treatment with continuous infusion of trinitroglycerin 
(TNG) at 0.2 to 0.3 g/kg/min and/or diltiazem (DTZ) at 
0.5 to 2.0 ug/kg/min. All smokers were requested to stop 
smoking before AAA surgery. There were no operative 
deaths, and the etiologic source of AAA was considered 
to be atherosclerosis in all patients. 

Follow-up of the patient after discharge has been per- 
formed periodically in principle at the outpatient clinic 
in our institute. The mean follow-up period was 55.6 + 
44.3 (months) after AAA surgery. Patients, who were 
referred to other hospital or lost to follow-up within 3 
months after discharge, were excluded from this study. 
During follow-up at the outpatient clinic, the patient’s 
biood pressure was controlled to a target systolic pressure 
of less than 140 mmHg and a diastolic pressure of less 
than 90 mmHg. Patients with HTN received angiotensin- 
converting enzyme inhibitors or angiotensin-I] receptor 
blockers concurrently with additional oral calcium- 
channel blockers as appropriate. The B-blockers were 
selected in those with CAD unless patients presented 
with bradycardia, chronic obstructive pulmonary disease 
(COPD), or severe heart failure. The summary of patient 
profile is shown in Table 1. 

Cardiovascular events during the follow-up period 
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Table 1 Summary of patient profile 


The number of patients 116 
Age 64.1 + 5.0 
Male/Female 108/8 
Follow up period (months) 55.6 + 44.3 
HTN treatment (%) 92 (79.3%) 
DM treatment (%) 12 (10.3%) 
Statin treatment (%) 45 (38.8%) 
Preexistent CAD (%) 35 (30.2%) 
Cardiovascular events (%) 21 (18.1%) 
SBP (mmHg) at outpatient 25.42 185 
DBP (mmHg) at outpatient 70.6 + 11.7 


Preoperative and postoperative lipid levels 


preoperative levels postoperative levels p value 
HDL-C (mg/dL) 39.8 + 11.6 49.0 + 15.7 <0.001 
LDL-C (mg/dL) 124.8 + 29.9 97.9 + 31.2 <0.001 
LDL-C/HDL-C 3.41 + 1.22 2.47 + 1.25 <0.001 
TG (mg/dL) 141.1 + 70.5 100.5 + 72.9 0.028 


CVE: cardiovascular events; OR: odds ratio; Cl: confidence interval; HTN: hypertension; DM: diabetes mellitus; 
CAD: coronary artery disease; SBP: systolic blood pressure; DBP: diastolic blood pressure; HDL-C: high-density 
lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; TG: triglyceride 


were defined as the occurrence of cerebral infarction, 
surgery for other vascular disease, the need for PCI or 
CABG due to CAD, and deaths from unknown causes. 
Clinical features including the age and gender, ath- 
erosclerotic risk factors, and postoperative lipid levels 
were recorded and subjected to multivariate analysis to 
evaluate the rate of freedom from cardiovascular events. 
The endpoint of this study was defined as the time at 
cardiovascular events occurrence or time at the end of 
follow-up for a maximum of 10 years. In patients with 
multiple cardiovascular events, the time at the first event 
was defined as the endpoint of the study. 

For the measurement of serum lipid levels, blood 
samples for biochemical assay were in principle collected 
after an overnight fast, and the serum was separated and 
analyzed for total cholesterol (TC), HDL-C, and triglycer- 
ides (TG) using automated assay. Low-density lipoprotein 
cholesterol (LDL-C) levels were calculated by Friedewald 
formula. The LDL-C levels during the follow-up period 
were in principle controlled with a target value of at least 
less than 130 mg/dL using lipid-modifying medications 
including statins (n = 45) and fibrates (n = 17), according 
to the physician’s preference. The data of postopera- 
tive lipid levels of each patient were determined by the 
optimum value (the lowest LDL-C, the highest HDL-C, 
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and the lowest LDL-C/HDL-C ratio) of laboratory data 
obtained 3 months or later after AAA surgery. This study 
was approved by the Hospital Ethics Committee, and all 
patients received a full explanation of surgery and related 
risks, and postoperative treatment strategy by surgeons. 


Statistical analysis 


Continuous variables are presented as the mean +stan- 
dard deviation (SD) and compared using the Student’s 
t-test for parametric and Mann-Whitney U-test for non- 
parametric analyses. Chi-square test was employed for 
comparisons of nomimal valuables. The rate of freedom 
from cardiovascular events (CVE-free rate) was analyzed 
by the Kaplan-Meier method and comparisons between 
the two groups were performed by the log-rank test. The 
endpoint of each patient for calculating these curves was 
the day of cardiovascular events occurring or the last 
follow-up day as deseribed above. A Cox proportional 
hazard model was applied te determine the effects of 
valuables on cardiovascular events during the follow-up 
period. Differences were statistically considered signifi- 
cant at p <0.05. All statistical analysis was performed 
using Dr. SPSS II version 11.0.1 J (SPSS Inc., Chicago, 
Illinois). 
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Table 2 Relationship between postoperative risk factors and cardiovascular events by Cox propor- 


tional hazard analysis 


Hazard Ratio 
Age 0.99 
preexistent CAD 5.67 
HTN 1.63 
DM 0.74 
HDL-C >60 0.81 
LDL-C <100 0.50 
LDL/HDL <1.5 0.10 
TG 1.00 


95% CI p value 
0.91—1.09 0.880 
1.92—16.8 0.002 
0.35-7.56 0.534 
0.19-2.85 0.665 
0.20-3.19 0.758 
0.16-1.55 0.229 
0.01-0.83 0.033 
0.99-1.01 0.416 


CI: confidence interval; HTN: hypertension; DM: diabetes mellitus; CAD: coronary artery disease; 
SBP: systolic blood pressure; DBP: diastolic blood pressure; 
HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; TG: triglyceride 


RESULTS 


Later cardiovascular events occurred in 21 patients, 
including cerebral infarction (n = 4), catheter interven- 
tion (PCI) or surgery for coronary artery disease (CAD) 
(n = 10), surgery for other vascular diseases (n = 10), and 
death from unknown cause (n = 1). There were 5 deaths 
other than cardiovascular events, including deaths from 
lung cancer (n = 2; at 31 and 102 months after surgery), 
esophageal cancer (n = 1; 87 months after surgery), 
pneumonia (n = 1; 91 months after surgery), and head 
injury (n = 1; 6 months after surgery). The postoperative 
HDL-C levels (postoperative 49.0 + 15.7 vs. preoperative 
39.8 + 11.6 (mg/dL)), LDL-C levels (postoperative 97.9 + 
31.2 vs. preoperative 124.8 + 29.9 (mg/dL)) and LDL-C/ 
HDL-C ratio (postoperative 2.47 + 1.25 vs. preoperative 
3.4] + 1.22) were all significantly improved compared to 
preoperative values (p <0.001) (Table 1). The postopera- 
tive TG levels (100.5 + 72.9 mg/dL) were also lower than 
preoperative levels (141.1 + 70.5 mg/dL) (p = 0.028), 

Subsequently, clinical factors that may be related to 
the development of cardiovascular events were assessed 
with multivariate analysis using Cox proportional haz- 
ard model with stepwise method to identify correlations 
with the later event occurrence. Since the main issue of 
this study was to examine whether the improvement of 
postoperative serum lipid levels could reduce the risk for 
later cardiovascular events, the analysis was, in principal, 
limited to postoperative serum lipid levels and atheroscle- 
rotic risk factors. The items assessed included an age at 
surgery, a treatment of HTN and DM, preexistent CAD, 
the postoperative serum HDL-C levels >60 mg/dL, LDL- 
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C levels <100 mg/dL, LDL-C/HDL-C ratio <1.5, and TG 
levels. The cut-off value of HDL-C, LDL-C, and LDL-C/ 
HDL-C ratio was determined by reference to previous 
reports!) and receiver-operating characteristics curves 
(ROC curves) using statistical software. 

The results are shown in Table 2. Cox hazard analysis 
indicated that the preexistence of CAD significantly in- 
creased in the risk for later cardiovascular events (hazard 
ratio 5.67; 95%CI 1.92-16.8; p = 0.002) and the lowering 
of postoperative LDL-C/HDL-C ratio <1.5 decreased in 
the risk after AAA surgery (hazard ratio 0.10; 95%CI 
0.01—0.83; p = 0.033). In contrast, the increase in post- 
operative serum HDL-C levels >60 mg/dL (hazard ratio 
0.81; p = 0.758), decrease in postoperative serum LDL- 
C levels <100 mg/dL (hazard ratio 0.50; p = 0.229) did 
not significantly reduce the risk for later cardiovascular 
events. 

According to the relationship between the postopera- 
tive LDL-C/HDL-C ratio and cardiovascular events oc- 
currence, we divided the 116 patients, examined in this 
study, into the following two groups to compare clinical 
features: 1) those with postoperative LDL-C/HDL-C 
ratio <1.5 (Low ratio group: n = 22); 2) those with post- 
operative LDL-C/HDL-C ratio =1.5 (High ratio group: 
n= 94). In univariate analysis of clinical factors, there were 
no significant differences in the age, gender, systolic and 
diastolic blood pressure at the outpatient clinic, incidence 
of a treatment of DM, and statin treatment between the two 
groups (Table 3). A treatment of HTN was more common 
among the Low ratio group than the High ratio group 
(p = 0.006) and the prevalence of CAD tended to be higher 
in the High ratio group than in the Low ratio group 
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Fig. 1 Kaplan-Meier curves indicating freedom from cardiovascular events in the group 
of patients who exhibited the ratio of LDL-C/HDL-C <1.5 and those who did not. 


LDL-C: low-density lipoprotein; HDL-C: high-density lipoprotein 


Table 3 Comparative studies of clinical features between the two groups 


LDL-C/HDL-C <1.5 LDL-C/HDL-C 21.5 


40) 


Age 

Male/Female 

HTN treatment (%) 

DM treatment (%) 

Statin treatment (%) 
preexistent CAD (%) 
Cardiovascular events (%) 
SBP (mmHg) at outpatient 
DBP (mmHg) at outpatient 
pre HDL-C (mg/dL) 

pre LDL-C (mg/dL) 

pre LDL-C/HDL-C 

pre TG (mg/dL) 

post HDL-C (mg/dL) 

post LDL-C (mg/dL) 

post LDL-C/HDL-C 

post TG (mg/dL) 


Follow up period (months) 


(Group A; n=22) (Group B; n=94) p vaiu 
6364 5.3 64.2 + 5.0 0.609 
19/3 89/5 0.174 

22 (100%) 70 (74.5%) 0.006 
4 (18.2%) 8 (8.5%) 0.237 
10 (45.5%) 35 (37.2% 0.476 
3 (13.6%) 32 (34.0%) 0.073 

1 (4.5%) 20 (21.3% 0.067 
125.6 + 26.9 125.4+ 162 0.978 
74.4 + 16.2 69.7 + 10.4 0.252 
43.6 + 12.8 38.8 + 11.2 0.119 
119.1 + 35.5 126.9 + 28.1 0.367 
3.00 + 1.30 S02 = hIS 0.117 
124.7 + 83.8 144.9 + 67.1 0.238 
63.7 + 17.9 45.5+ 13.0 0.095 
66.9 + 24.8 105.2. 28.1 <0.001 
1.14 + 0.26 2.78 + 1.19 <0.001 
81.9 + 39.2 105.1 + 77.0 0.175 
81.3 + 41.7 49.6 + 42.9 0.003 


CVE: cardiovascular events; OR: odds ratio; Cl: confidence interval; HTN: hypertension; DM: diabetes mellitus; 
CAD: coronary artery disease; SBP: systolic blood pressure; DBP: diastolic blood pressure; HDL-C: high-density 
lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; TG: triglyceride; pre: preoperative: post: 


postoperative 
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(p = 0.073). Difference in the preoperative lipid levels 
between the two groups did not reach statistical signifi- 
cance, but the postoperative LDL-C levels in the Low 
ratio group were significantly lower than those in the High 
ratio group (p <0.001) and postoperative HDL-C levels in 
the Low ratio group tended to be higher than those in the 
High ratio group (p = 0.095). The mean follow-up period 
was 81.3 + 41.7 (range 13 to 120) months for the Low ratio 
group, which was significantly higher than those for the 
High ratio group (49.6 + 42.9 (range 3 to 120) months) (p 
= 0.003). The difference in the follow-up period between 
the two groups may result from the difference in the 
prevalence of cardiovascular events occurrence, which 
was the endpoint of this study. 

Figure 1 shows a comparison of Kaplan-Meier curves 
indicating the rate of freedom from cardiovascular events 
between the two patient groups divided based on the post- 
operative LDL-C/HDL-C ratio. As shown in the Fig. 1, 
there was a significant difference in the freedom from 
cardiovascular events depending on the postoperative 
LDL-C/HDL-C ratio. Patients with postoperative LDL-C/ 
HDL-C ratio<1.5 had a significantly better cardiovascular 
event-free rate than those with LDL-C/HDL-C ratio =1.5 
(p = 0.014 by the log-rank test). 

Regarding the relationship between statin treatment 
and later occurrence of cardiovascular events; the events 
occurred in 13 of 45 patients (28.9%) who had received 
statin treatment, whereas, they occurred in only 8 of 71 
patients (11.3%) who had not received the treatment. The 
occurrence of cardiovascular events depended much on 
the LDL-C/HDL-C ratio as described above, rather than 
on the presence or absence of statin treatment in our study. 


DISCUSSION 


In the previous literature, the 5 year crude survival rate 
in patients having undergone AAA repair was reported 
to be about 70%, which was less than the expected sur- 
vival of 80% in a matched population.”» In patients with 
AAA, comorbidity of HTN, dyslipidemia, COPD, CAD 
and other cardiovascular diseases are frequently found 
prior to surgery, most of which are also determinants of 
long-term survival after AAA surgery.!”!8) The reported 
risk factors affecting long-term survival included an 
increasing age, presence of heart disease, HTN, COPD, 
renal insufficiency, and continuing smoking.”! Of these, 
cerebral and cardiovascular diseases are responsible for 
approximately two-thirds of late deaths, thus appropriate 
management of these conditions would be essential to 
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ameliorating long-term survival. 72 

The importance of adequate control of dyslipidemia 
has been emphasized recently for the primary preven- 
tion of atherosclerotic disease,?!)) but the evidence for 
the role of lipids in the development and management of 
AAA remains to be controversial. Some recent reports, 
however, described the significant association between 
lipid levels and AAA. Hobbs et al. reported a highly 
significant association between LDL-C and small AAA, 
and LDL-C was thought to be an initiating factor in the 
development of an AAA.) Golledge et al. indicated 
that HDL-C appeared to be the most important lipid in 
predicting the risk of AAA development.!” Preoperative 
HDL-C levels are also one of significant predictors for 
developing later cardiovascular events after AAA sur- 
gery in our previous report.! Therapeutic approaches to 
dyslipidemia like those in the treatment of CAD may be 
beneficial for the secondary prevention of atherosclerotic 
disease after AAA surgery. 

Since an increasing age is consistently identified as a 
strong risk factor for atherosclerotic disease like AAA,” 
the age distribution of the study group may have a sig- 
nificant influence on the results from the study like this 
investigation. For example, the Tromso study included a 
very wide range of ages (25 to 82 years), thus, the results 
may not reflect the true risk factors because the risk period 
for the development of an AAA did not occur for many 
patients aged <50 years. To minimize the influence of 
aging on the later events during the follow-up period, 
the subjects in this study were limited to those aged 70 
or less at surgery. 

In the analyses of lipid levels, in all cases, the postop- 
erative HDL-C, LDL-C, and LDL-C/HDL-C ratio were 
all significantly improved compared to preoperative 
values (p <0.001). This was probably due to postopera- 
tive management of atherosclerotic risk factors including 
statin treatment, although aggressive lipid-modifying 
medications were not always given to patients during 
the follow-up period. Lifestyle guidance such as diet 
and exercise therapy has been intensively conducted by 
medical personnel in the outpatient clinic throughout 
the follow-up period, which may have contributed to the 
improvement of lipid levels. The reason for the higher 
incidence of HTN among the Low ratio group (patients 
with LDL-C/HDL-C ratio <1.5) than the High ratio 
group was not clear, but those with HTN who visited the 
hospital, regularly, might have good adherence to the 
lifestyle guidance. 

Cox proportional hazard analysis indicated that the 
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preexistence of CAD significantly increased the risk for 
later cardiovascular events (hazard ratio 5.67; p = 0.002) 
and the lowering of postoperative LDL-C/HDL-C ratio 
<1.5 decreased in its risk after AAA surgery (hazard 
ratio 0.10; p = 0.033). Isolated postoperative LDL-C and 
HDL-C values per se were not identified as predictors for 
later cardiovascular events. Presence of CAD has been 
reported to be a strong predictor of the late survival after 
AAA surgery,’*7 which is well consistent with the cur- 
rent study results. In our previous report, further decrease 
in the preoperative HDL-C levels increases in the risk for 
cardiovascular events after AAA surgery.'*) There was 
about a three-fold higher risk for the development of car- 
diovascular events in those with the preoperative HDL-C 
levels <35 mg/dL. Preoperative LDL-C/HDL-C ratio 
was also predictive, but the value was less than simple 
HDL-C levels.!® HDL-C has been reported to oppose 
atherosclerosis by removing cholesterol from foam cells, 
by inhibiting the oxidation of LDL-C, and by limiting the 
inflammatory processes that underlie atherosclerosis.” 
In the analyses of postoperative lipid levels, in this 
study, we investigated an LDL-C/HDL-C ratio as an im- 
portant marker, in addition to LDL-C and HDL-C levels. 
In guidelines for cardiovascular disease risk management, 
LDL-C is the principal target of lipid-lowering therapy; 
however, recent evidence has suggested more appropri- 
ate targets, including non HDL-C, apolipoprotein B, and 
ratios of total/HDL-C, LDL-C/HDL-C.!!2® The ratio of 
LDL-C/HDL-C reflects both lipid levels of LDL-C and 
HDL-C, and it has been reported that lowering the ratio 
by lipid-lowering therapy is associated with a lower inci- 
dence of cardiovascular events in the setting of primary 
prevention.'" Current study also indicated that the lower- 
ing of postoperative LDL-C/HDL-C ratio <1.5 decreased 
in the risk for later cardiovascular events. In addition, 
patients with postoperative LDL-C/HDL-C ratio<1.5 
had a significantly better cardiovascular event-free rate 
than those with that ratio >1.5 (p = 0.014). These results 
could be consistent with findings from previous reports.!! 
In the analyses of atherosclerotic risk factors and post- 
operative lipid levels between the two groups divided, 
based on the LDL-C/HDL-C ratio shown in Table 3, the 
difference in the preoperative lipid levels between the 
two groups did not reach statistical significance. The 
postoperative LDL-C levels in the Low ratio group were, 
however, significantly lower than those in the High ratio 
group (p <0.001) and postoperative HDL-C levels in the 
Low ratio group tended to be higher than those in the High 
ratio group. These results may suggest that risk for later 


cardiovascular events could be reduced even in patients 
with low preoperative HDL-C levels, 1.e., those at high 
risk for later cardiovascular events. Preoperative HDL-C 
level is indeed a strong predictor for later cardiovascular 
events as shown in the previous report,'*) but the high risk 
could be modified depending on postoperative manage- 
ment. For that purpose, intensive control of lipid levels 
would be necessary that can achieve the lowered LDL-C/ 
HDL-C ratio as low as less than 1.5. 

These results indicate that the ratio of LDL-C/HDL- 
C could be employed as a beneficial index during the 
follow-up for patients having undergone AAA repair, 
aiming at a target value of LDL-C/HDL-C ratio less than 
1.5. The introduction of endovascular repair (EVAR) was 
associated with an increasing incidence of intact AAA 
repair and improvement in operative mortality; a greater 
number of patients with AAA may receive postoperative 
long-term follow-up.**) Since cerebral and cardiovascular 
diseases are responsible for approximately two-thirds of 
late deaths in patients receiving AAA repair, decrease 
in the cardiovascular events by adequate control of lipid 
levels may contribute to improvement of prognosis and 
late survival in these patients.!’°”? 

Regarding the relationship between the statin treatment 
and later cardiovascular events occurrence, the statin 
treatment itself did not reduce the prevalence of later 
cardiovascular events in this study. As statins would be 
given to those with dyslipidemia exhibiting a high serum 
level of LDL-C or low level of HDL-C, there would be 
many patients at high risk for developing cardiovascular 
events in the patient group receiving statins. Develop- 
ment of side effects by statins may vary from patient to 
patient; thus, an adequate lipid level may not be obtained 
in patients who developed some side effects like myalgia 
or liver dysfunction. Cardiovascular events occurrence 
depended much on whether adequate lipid levels were 
obtained or not, rather than the presence or absence of 
statin treatment in our study. Probably, aggressive lipid- 
modifying therapy, including drug, diet, and exercise 
therapy, aiming at a clearly targeted value of LDL-C/ 
HDL-C ratio would be necessary to reduce the incidence 
of cardiovascular events occurrence. 

There are some limitations in this study. In our 
study design, patients with AAA were retrospectively 
examined and divided into the two groups based on the 
postoperative LDL-C/HDL-C ratio, as a single center 
experience. Lipid-modifying therapy was not given to all 
patients after surgery based on the condition of patients. 
Ideally, a randomized prospective study is required to 
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determine the value of predictor with a larger number of 
patients. Second, the findings of our study were limited 
to those aged <70 at surgery, thus, the value of LDL-C/ 
HDL-C ratio in patients with age older than the present 
study group is unknown. Since the majority of subjects 
were male patients, we can draw no conclusions on the 
association of lipids with cardiovascular events in women. 
Third, the follow-up period 1s relatively short in some 
patients, thus, the short follow-up period may influence 
on the incidence of cardiovascular events. Although 
there are many limitations, our study results may help to 
understand the predictive value of serum lipid levels and 
to prognosticate the outcome at least in part of patients 
with AAA. 

In conclusion, our study indicated that lowered post- 
operative LDL-C/HDL-C ratio <1.5 can decrease in the 
risk for later cardiovascular events after AAA surgery. 
These results may support the rationale for postoperative 
aggressive lipid-modifying therapy in patients undergo- 
ing AAA repair. 
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Leg’s Superficial Vein in Buerger Disease 


Takehisa Iwai, MD, PhD,! Shouji Sato, MD, PhD,! Hiroko Kume, MD, PhD,! Yoshinori Inoue, MD, PhD,? 
Makoto Umeda, DDS, PhD, Tomoko Kagayama, CUT,” and Masayuki Hirokawa, MD, PhD‘ 


Three of four (75%) vein biopsy samples from four patients (all male, mean onset: age 33.0, mean biopsy: 
age 59.7) of chronic phase phlebitis migrans showed positive periodontal bacteria DNA under the PCR 


(polymerase chain reaction) method. 


Of the 24 cases of Buerger disease (22 males, 2 females, mean onset: age 31.9, mean examination: age 
62.6) that were investigated in our vascular laboratory, 65% of the patients suffered from moderate to 
severe varicose veins. Eight cases had a history of phlebitis migrans and three had an active ulcer or 
uncontrollable erosion in the foot. The rate of incidence was significantly higher than that of the well- 
matched control group. Other findings included one instance of deep vein thrombosis, and one instance 


of deep vein refiux. 


We could suggest that some intractable ulcer or erosion cases of Buerger disease may be complicated by 
superficial vein incompetence or other deep vein insufficiency. We also we need to check Buerger disease 
patients with duplex for vein reflux and other insufficiencies. Treatment of the varicose veins (including 
elastic stockings) was effective for all of the patients. (English Translation of Jpn J Phlebology 2011; 22: 


25-31.) 


Keywords: phlebitis migrans, buerger disease, foot ulcer, superficial vein incompetence, varix 


surgery 


INTRODUCTION 


E the early 1900s, Leo Buerger emphasized the pres- 
ence of phlebitis migrans in Buerger disease in ad- 
dition to arterial lesions.” The phlebitis is defined as 


'Buerger Disease Research Institute, Tsukuba Vascular Center, 


Moriya, Ibaraki, Japan 

“Division of Vascular Surgery, Tokyo Medical and Dental Uni- 
versity, Tokyo, Japan 

3Department of Periodontology, Tokyo Medical and Dental 
University, Tokyo, Japan 

4Ochanomizu Vascular Clinic, Tokyo, Japan 


Received: June 16, 2011; Accepted: December 13, 2011 
Corresponding author: Takehisa Iwai, MD, PhD. Tsukuba Vascular 
Center, Buerger Disease Research Institute, 980-1, Tatsuzawa, 
Moriya, Ibaraki 302-0118, Japan 

Tel: +81-0297-47-9955, Fax: +81-0297-45-454] 

E-mail: iwai@keiyu.orjp 

*This article is English Translation of Jpn J Phiebology 2011; 22: 
25-31. 


Annals of Vascular Diseases Vol.5, No.1 (2012) 


a characteristic finding for the diagnosis of Buerger 
disease. However, the long term results of the phlebitis or 
duplex examination of the superficial or deep vein have 
not been reported.” In addition, it is not recognized that 
some of the chronic ulcers came from incompetence of 
the venous system. 


MATERIALS AND METHODS 


1) PCR (polymerase chain reaction) Study: Four 
samples of the pigmentation portion of the phlebitis 
migrans or relatively fresh phlebitic vein near the ulcer 
were collected from four patients. A well-established 
PCR method was carried out for periodontal bacterial 
DNA. The patients were all male, and the onset age was 
33.0 years. Symptoms and conditions included major 
amputation (2 cases), post-arterial reconstruction (1 case), 
and ischemic ulcer (1 case). The mean age at harvest was 
59.7 years. The same examination was performed on the 
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Sample sites 


Results of periodontal examination and PCR detection of phlebitis migrans in patients with Buerger disease 








Oral cavity bacteria Vein bacteria 














Table 1 
Age Sex Onset age Main condition 
53 M 32 BK 
62 M 34 AK 
59 M 4] bypass 
65 M 29 ulcer 











foot Pg, Tf, Td, Pn Pg, Td 

thigh Po. Ti, Ta, Ce Pi Pe, 10, Cr Pi 
foot Pg, Tf, Td, Cr Pi none 

leg Pe, TE 1d, Ce Pi Cr 





All patients adapted on Shionoya’s criteria for Buerger’s disease.” 


PCR: polimerase chain reaction; Pg: Porphyromanas gingivalis; Tf: Tannerella forsythus; Td: Trepomema denticola; Cr: Campy- 


lobacter rectus; Pi: Prevotella intermedia; Pn: Prevotella nigrescens; BK: below knee amputation; AK: above knee amputation; 


It: light; rt: right 


oral saliva. The diagnosis was defined using Shionoya’s 
criteria.” 

2) Duplex Study: About 24 Buerger disease patients 
(mean age 62.6 years, range of ages was 29-76, male/fe- 
male ratio: 22/2, and onset average age of 31.9 years) were 
studied. We checked pigmentation along the lower limbs’ 
superficial veins, ulcers, or erosion, and the presence of 
the valve incompetence and the deep vein thrombosis. 

We utilized a colored duplex device (XarioXG Toshiba 
Medical Systems) in the inspection and searched for the 
presence of reflux of the great and small saphenous vein, 
the vein diameter, the presence of the main incompetent 
perforating vein, and the presence of deep vein throm- 
bosis in a standing position. The diagnosis was equal to 
a Study 1) using Shionoya’s criteria. 

As a control, 58 males (average age 64 + 10 years) were 
randomly selected and examined for the frequency of the 
varicosity using the above-mentioned methods. 


RESULTS 


1) Oral bacteria DNA in 3 of 4 examples was detected 
(75%). All presented with bacteria in the oral cavity. We 
detected four kinds of bacteria; Pg (Porphyromanas gin- 
givalis), Td (Treponema dentiocola), Cr (Campylobacter) 
and Pi (Prevotella intermedia). In two cases, Pg, Td, and 
Cr were all present. Pi was present in one case. From the 
oral cavity, other periodontal bacteria were identified as 
well as the above-mentioned bacteria. Refer to Table 1 
for details. 

2) Eight patients (33.3%) had pigmentation of a leg or 
a foot and were judged to have a history of phlebitis mi- 
grans. An ulcer, or erosion, was observed in three cases. 
There was no acute phlebitis case that was accompanied 
by redness or pain. 

Reflux in a branch or a saphenous vein trunk was 
observed in 15 cases by ultrasonic investigation in the 
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standing position (62.5%). Cther studies showed deep 
vein reflux in one case and deep vein thrombosis in one 
case (the patient underwent varicosity surgery in another 
hospital). A quick glance reveals that there was little 
meandering varicosity except in two limbs among the 
Incompetent veins. 

Subjects with significant reflux of the saphenous veins 
wore elastic stockings and vein ligation and/or sclero- 
therapy was performed on the subjects with an ulcer or 
erosion. All were healed. 

In about 58 control normal males (average age 64 + 
10 years), the lower limbs vartosity rate was 22% (13/58). 
No deep vein thrombosis, deep vein reflux, or perforated 
vein incompetence were observed. 

There was a significantly lewer limb varicosity rate in 
comparison with the Buerge~ disease patients (p <0.01, 
Z test Z = 3.86). 


Case l 

59 year-old male. Chief complaint: ulcer of left dorsum 
of the foot. 

His first symptoms, a pale and fatigued foot, appeared 
at the age of 22. It was diagnosed as Buerger disease when 
he was 25 years old. 

He underwent various treatments before receiving a 
left lumbar sympathectomy at age 29. He smoked over 
20 cigarettes per day from ege 20 to 35 and then gave 
up smoking. 

He observed pigmentatior and phlebitis like changes 
on both sides of the foot and leg from about age 45. His 
chief complaint was of left foet ulcers for 12 years, which 
became intractable. The ulcer is 4 x 6 cm wide and 1 cm 
deep (Fig. 1). He lost eight teeth and had dentures made. 
During the time that he smoked, he had gingivitis. 

The angiography showed that three below-the-knee 
vessels that are occluded in the left and peroneal artery 
have been replaced with corkscrew-type collateral. 
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Fig. 1 


the left foot for 12 years. Skin pigmentation is remarkable. 


Photo taken in 2006. 
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Fig. 2 


a: Angiographyof the case showing typical Buerger disease. 


A 59 year-old male complaining ofulcer on the dorsum of 
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In the right leg, posterior and anterior tibial arteries are 
occluded at the origin, and the peroneal artery is occluded 
at the ankle joint (Fig. 2a). The right and left ulnar arter- 
les are occluded according to the Allen test. He has no 
diabetes, hyperlipidemia, or hypertension. The ABI is 
1.38 on the right, and 0.73 on the left. 

The color duplex findings on the right side reveal great 
and small saphenous vein reflux for the full length and 
in the left accessory, great saphenous vein reflux was 
demonstrated. The deep veins were normal (Fig. 2b). 

The ulcer was reduced with the use of an elastic ban- 
dage and elastic stockings after the first examination 
by the vascular surgeon in April 2006. By August, the 
reflux had disappeared due to the combination of the great 
saphenous vein ligatures and sclerotherapy. The ulce1 
healed in September 2006 (Fig. 3). In 2007, he resumed 
hiking, his favorite activity, and continued to recover. He 
later was able to ski. 


FV IDVT© R 






Ọ 15.2mm R + — 
accessory 
saphenous vein 
Q68 RG 
i 
posterior branch 
Q 5-4 R® Ies trung 
Pa 095.5 R@ 
C2 reflux ® 
03.6 RƏ 
l 
a b 


b: Venous echogram showing reflux of the great saphenous vein. 
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Fig. 3 Photo one month after saphenous vein ligation and sclero- 
therapy. The ulcer healed rapidly. 


Lower limbs vein studies in three young Buerger 
disease patients (under age 55) 


Case 2-1 

A 29 year-old male diagnosed with Buerger disease at 
age 23. He smoked 80 cigarettes per day for five years. His 
chief complaint was intermittent claudication (100m).The 
ABI is 0.48 on the left, and the right is normal. The left 
superficial artery was occluded at the Hunter canal and 
the anterior tibial artery was occluded at the foot level. 
The duplex study showed left-side great saphenous vein 
reflux for almost the entire length and the saphenofemo- 
ral junction was 10.5 mm in diameter (Fig. 4). It rose to 
ABIO.79 with the use of elastic stockings and a 2 year 
ban on smoking from July 2010. He is on an anti-platelet 
agent. He had gingival bleeding while he smoked, but 
there was no damage to his teeth. 


Case2-2 

A 43 year-old male who developed Buerger disease, 
it is at age 28. He was a pack-a-day smoker for 10 years. 
His few symptoms stabilized after he stopped smoking 
in 2008. The ABI was in the normal range. As for the 
lower limb arteries, there is bilateral posterior tibial ar- 
tery occlusion and anterior tibial artery narrowing with 
occlusion of the foot arteries. 

The left ulnar artery is occluded. The trunk of the 
great and small saphenous veins showed no reflux, but a 
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Fig. 4 A29 year-old male. Arteriogram revealed typical Buerger 
disease and venous echogram showed severe reflux of great 
saphenous vein. 


superficial branch vein revealed reflux. He can walk in 
the treadmill test for five minutes, but there is a feeling 
of wrongness in the big toe. He takes no medicine for 
the condition. 


Case 2—3 

A 55 years old male who developed Buerger disease, it 
is at age 23. He had a left below-the-knee amputation and 
amputations of the right big toe and third toe afterward. 
An angiography showed femoral and popliteal artery oc- 
clusion on the left and on the right, anterior tibial artery 
occlusion, and narrowing of the posterior tibial artery. 
He has few surviving healthy teeth in his lower and up- 
per jaws (Fig. 5). There was right leg pigmentation and 
a 3 x 4 cm ulcer/erosion in the medial foot, and erosions 
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Fig.5 A 55 year-old male showing severe dental condition since 
age 23 when his symptoms started. Venous reflux demon- 
strated in the great and short saphenous veins with wide 
wet erosion which healed quickly after venous ligation 
and sclerotherapy were performed. 


between the second and third toe and the fourth and fifth 
toe. The duplex study showed reflux in the great and small 
saphenous veins. Saphenous vein ligations and sclero- 
therapy were performed in December 2009. The result 
was good, and the ulcer and erosion healed in January 
2010. He is receiving oral care from a periodontal dentist. 


DISCUSSION 


Phlebitis migrans is the characteristic finding that 
Buerger emphasized, for distinguishing Buerger disease!’ 
from juvenile arteriosclerosis. Furthermore, he reported 
that a thrombus is seen in high frequency in not only the 
superficial vein, but also in a deep vein. Shionoya regards 
the frequency of examinations for Buerger disease as 
around 40%, and because of the low frequency, either 
arterial occlusion of the upper extremity or/and phlebit’s 
migrans determines it to be one of the diagnostic crite- 
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ria. In his criteria, phlebitis is not an essential point for 
diagnosis.” 

When the reddish phlebitis portion is removed surgi- 
cally and is viewed under a microscope, inflamed cells 
and giant cells are seen. The phlebitis is seen below the 
knee and mostly around the ankle.*) On the other hand, 
pigmentation can be from various causes, though it is 
not diagnosed as phlebitis in a Buerger disease patient. 

It is not clear whether phlebitic veins are patent or oc- 
cluded after the diagnosis of phlebitis.’ Possibly related 
to the decrease of cases in developed countries, the re- 
port on the reflux of the vein examined by duplex or the 
color Doppler methods is not found in the literature. In 
examinations only by venography performed in the 1970s, 
abnormalities were reportedly observed in around 60% 
of the cases.” Still further, because the acute phase of 
phlebitis seemed to involve infection, Buerger doubted 
infection, but was unable to prove it.) Our results sug- 
gested that the presence of periodontal bacteria in the 
veins destroys the vein and lead to the venous valve 
dysfunction. However, a 41 year-old male patient showed 
phlebitis migrans on the great saphenous vein. The ul- 
trasound examination revealed that the saphenous vein 
was occluded. This may mean that the pathogenesis of 
the venous reflux has two sources; namely direct damage 
or indirect valve damage by thrombus. 

Sakaguchi suggested that the phlebitis lead to expres- 
sion of the arterial lesion and thought it was connected 
to etiology discovery.°? 

In 2002, we found and reported that oral bacteria DNA 
is present in the occluded arterial part of Buerger disease 
for the first time and also reported elevation of IgG titer to 
periodontal pathogens.’*) Furthermore, when we discov- 
ered that oral bacteria enters platelets and forms lumps, 
we were able to show that oral bacteria are carried from 
the oral cavity into the circulating blood system safely.” 

Our hypothesis is that the main cause is an embolism 
of aggregated mass in a platelet, including oral bacteria: 
young people, even heavy smokers, have healthy endo- 
thelial tissue, which makes it difficult to explain that the 
main cause is an adhesive or endothelial problem of a 
young man. Interestingly, the onset process of phlebitis or 
systemic occlusion of the entire body is easily explained 
using this hypothesis (Fig. 6).? '*) 

It is already well known that smoking causes great 
harm directly to the periodontal area. It is said there 
is no effective treatment for the diseased teeth of a 
smoker.!0:!!:!3:!4) Smokers suffer from weak bacterial in- 
fections that keep bacteria around the teeth; the bacteria 
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Fig. 6 Hypothesis for the development of Buerger disease, deep 
vein thrombosis, and phlebitis migrans. 


enter the platelets and is transported around the body. 
It was not surprising to find extra-peripheral arterial 
involvement, such as cerebral, coronary, visceral arter- 
ies, and so on with Buerger disease-like occlusions.”? It 
seems that fingers and toes easily become symptomatic 
and small embolisms occur in comparison with the other 
bigger organs containing phagocytes. 

As aresult, | can understand how oral bacteria, which 
passe through a capillary, may cause acute inflamma- 
tion in a vein of the foot, and that the various kinds of 
inflammation reactions in the phlebitis migrans have 
been observed and reported.'>'”) It is thought that oral 
bacteria will move up the foot vein slowly, destroying 
the vein valve with an inflammatory reaction.!® There 
were few cases this time for a DNA PCR study, but 
disease from oral bacteria was still found in 75% of the 
phlebitis migrans. By the way, Kurihara reported that 
the frequency of oral bacteria expression for the primary 
varicose veins is 48%,.!>) 

We would like to further discuss recent cases and also 
our results, in which we observed the valve function. The 
primary varicosity is developed when a valve is incompe- 
tent, but nobody knows how and when it progresses from 
which part. It is said that phlebitis migrans of Buerger 
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disease appears in the leg or tae ankle region. Our study 
suggested that saphenous vein incompetence is mainly 
observed but branch vein incompetence is also present. 
In addition, three cases showed an ulcer and erosion. One 
ulcer was deep, and in this case (Fig.s 1 and 3) was treated 
as an ischemic ulcer by his personal physician for a long 
time. Furthermore, even if there is reflux, the meandering 
of the vein seems to be charaeteristically unremarkable. 
The genetic differences that we examined, as well as the 
smoking frequency of males, will explain why men are 
so much more vulnerable than women.!”) 

Generally, for ischemic lower limbs, elastic stockings 
are considered to be contraincicated. However, when the 
arterial condition becomes chronic, elastic stockings were 
effective in alleviating symptoms. And from personal 
experience, the ankle-brachial pressure index should 
be near or greater than 0.7 and there should be no acute 
ischemic signs or symptoms `n the toes. 

Ligation of the incompeten: vein, and foam sclerother- 
apy are effective, too. However, our job is to sufficiently 
understand how to treat the ischemic limb and to provide 
an adequate explanation to the patient. 


CONCLUSION 


Three out of four venous semples of phlebitis migrans 
showed oral bacterial DNA sy PCR. With 24 Buerger 
disease patients, moderate varicosity with vein incom- 
petence by duplex was observed in 65%. Of those, three 
patients demonstrated a chrenic ulcer or erosion. The 
ulcer or erosion was healed completely by the reflux 
treatment. As for Buerger Cisease, the subject of the 
treatment is utilized only for artery ischemia. However, 
in our hypothesis, the observation of a vein is necessary. 
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Purpose: Efficient and secure collection of CD34+ cells are crucial for the angiegenic therapies. We have 
developed autologous peripheral blood-mononuclear cell (MNC) transplantation mduced by erythropoietin 


Methods: Seven patients, including five with arteriosclerosis obliterans, one with Buerger’s disease and 
one with progressive systemic sclerosis, underwent ten cell therapies. The first administration of rhEPO 
was performed two weeks before apheresis, and the second administration and blood donation were 
performed one week before apheresis to activate bone marrow. MNCs includ ng CD34+ cells, isolated 


from peripheral blood by apheresis, were immediately injected intramuscular y into ischemic limbs. 
Results: The number of peripheral blood-CD34 + cells had significantly increasec from 1.32 + 0.83/microL, 


maximum pain-free walking distance. 


safe alternative for ischemic limbs. 
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before the rhEPO induction, to 1.86 + 0.94/microL, before the apheresis. The number of transplanted 
MNCs ranged between 0.5 x 10° and 16.5 x 10°, and that of CD34+ cells, between 0.1 x 10° and 12.7 x 10°, 
accounting for 0.02%-—0.1% of MNCs. There were no serious complications. Finger ulcers with Buerger’s 
disease were significantly improved one month after the transplantations, but the same or other ulcer(s) 
appeared 2—6 months later. Three patients had an improvement in rest pain, and one patient extended 


Conclusions: Erythropoietin-induced autologous peripheral blood-MNC transplantation is a useful and 


Keywords: erythropoietin, angiogenesis, autologous peripheral blood-derived moronuclear cell 


INTRODUCTION 


p: the accumulation of clinical results of thera- 
peutic angiogenesis using autologous bone marrow- 
or peripheral blood-derived mononuclear cells, there are 
still no absolute perspectives related to the efficacy and 
mechanism.! ’) Practical, less-invasive and easily appli- 
cable therapeutic angiogenesis remains to be established. 

Recombinant human granulocyte colony-stimulating 
factor (G-CSF) has been used clinically to mobilize 
peripheral blood progenitor cells for hematopoietic cell 
transplantation and granulocytes for apheresis collec- 
tion.® However, angina has frequently occurred after 
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G-CSF-induced mobilization of peripheral blood pro- 
genitor cells in patients with advanced coronary artery 
disease.”) Spontaneous splenic rupture secondary to high- 
dose G-CSF use (20 mcg/kg/day) was also observed in a 
healthy allogeneic donor of peripheral blood progenitor 
cells.!© On the other hand, human recombinant erythro- 
poietin (chEPO) has been used safely in a clinical setting 
for renal anemia, and hematopoietic and endothelial! cell 
lineages seem to share common progenitors.!!)!4 Erythro- 
poietin has direct biologic effects on endothelial cells, and 
the vasculature seems to be an important erythropoietin 
target. Recently, a significant mobilization of CD34+/ 
CD45+ circulating progenitor cells in peripheral blood 
was observed by rhEPO administration.! 

We have newly developed autologous peripheral 
blood-derived mononuclear cell (MNC) transplanta- 
tion induced by erythropoietin and blood donation for 
activating the function of bone marrow, and have been 
performing this cell transplantation therapy for patients 
with critical ischemic limbs since 2004. The aim of the 
present study was to determine the efficacy and safety 
of the cell transplantation therapy as a therapeutic option 
for critical ischemic limbs. 


MATERIALS AND METHODS 


Indication of autologous peripheral blood-derived 
mononuclear cell transplantation 


Cell therapy was indicated for selected patients whose 
activities of daily living were extremely disturbed and 
who did not show any favorable response to medication or 
conservative and surgical treatments for critical ischemic 
limbs. Exclusion criteria of the cell therapy were as fol- 
lows: 1) life expectancy of less than one year, 2) history 
of alcohol or drug abuse within the past 3 months, 3) 
malignant tumor or possibility of malignant tumor, 4) 
history of the malignant tumor within the past 5 years, 
5) diabetic proliferative retinopathy, 6) untreated severe 
ischemic heart disease, and 7) pregnancy or possibility of 
pregnancy. The institutional review board of Tokushima 
University Hospital (Clinical Research Number 158) ap- 
proved the protocol of this study, and written informed 
consent was obtained from all subjects. 


Protocol of peripheral blood-derived mononuclear 
cell transplantation 


RhEPO and blood donation-induced mobilization 
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of peripheral blood-progenitor cells was performed as 
follows: 1) 6000 IU of rhEPO of was administered sub- 
cutaneously two weeks before apheresis, 2) additional 
subcutaneous administration of 6000 IU of rhEPO and 
400 ml of donated blood was performed one week before 
apheresis, 3) peripheral blood-derived MNCs were col- 
lected by apheresis using COBE Spectra! two weeks 
after the first rhEPO injection, and 4) the cells were 
implanted intramuscularly into ischemic limbs (50-100 
points) just after the apheresis under epidural or general 
anesthesia for upper extremities. 


Assessment of critical limb ischemia 


1) Augmentation of CD34+ mononuclear cells in pe- 
ripheral blood 

Levels of circulating CD34+, CD34+/CD133+ and 
CD34+/CD14+ cells in peripheral blood of the enrolled 
patients were measured by flow cytometry before and 
after apheresis. CD34 is a marker for hematopoietic 
progenitor cells, CD133, a marker for hematopoietic or 
non-hematopoietic progenitor cells, and CD14, a marker 
for monocytes. Increase in the number of CD34+ cells, in 
peripheral blood, by the above-mentioned induction was 
followed before the first and second rhEPO administra- 
tions and before apheresis. CD45+ is a marker for leuko- 
cyte common antigen. The numbers of peripheral-blood 
CD34+ cells were calculated by the formula (CD34+/ 
CD45+ cells x the count of white blood cell/microL). The 
numbers of MNCs and CD34+ cells of the product har- 
vested by apheresis were calculated separately from them. 


2) Assessment of cell therapy for limb ischemia 

The efficacy and safety of cell transplantation therapy 
for critical ischemic limbs were assessed before and at 
1, 2, 3 and 4 weeks and 3 and 6-months after cell trans- 
plantation by 1) the rest-pain scale of ischemic limbs, 2) 
clinical findings of ischemic limbs (ulcer and gangrene), 
3) ankle-brachial pressure index, 4) photoplethysmog- 
raphy, 5) thermography, 6) laser doppler perfusion 
imaging, 7) transcutaneous oxygen and carbon dioxide 
tensions (TcPO, and TcPCO.,), and 8) digital subtraction 
angiography. 


Patients’ characteristics 
Seven patients with critical ischemic limbs (male/ 


female = 6/1), including 5 patients with arteriosclerosis 
obliterans (ASO), one patient with Buerger’s disease and 
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Table 1 Patients’ characteristics at first cell therapy 
Case No. age (ys.) Diagnosis Status of Limb ischemia Previous treatment Characteristics 
k 77 ASO rest pain Femoro-popliteal bypass, lumbar spinal 
medication canal stenosis 
2: 68 ASO rest pain Femoro-popliteal bypass, DM, HL, S/P CABG, 
medication CRF on HD 
3; 66 ASO rest pain medication DM, HL 
4. 45 ASO toe gangrene rest pain Aorto-femoral bypass, smoking 
medicatiom 
Ds 6l ASO toe gangrene rest pain medication S/P CABG, CRF on HD, 
cerebral hemorrhage 
6. 48 Buerger finger ulcers rest pain medication DM, HL 
rA 19 PSS toe gangrene rest pain medication DM, HL, 


cerebral infarction 


ASO: arteriosclerosis obliterans; PSS: progressive systemic sclerosis; DM: diabetes mellitus: HL: hyperlipidemia; 
S/P CABG: postoperative state of coronary artery bypass grafting; CRF on HD: chronic renal failure on hemodialysis 


one patient with progressive systemic sclerosis (PSS), 
were enrolled in this study during the period from 2004 
to 2010 (Table 1). Only the patient with Buerger’s dis- 
ease and intractable finger ulcers underwent cell therapy 
four times, and overall cell therapy was performed ten 
times. The ages of patients who underwent cell therapy 
ranged from 45 to 79 years (61 + 13 years). The patient 
with Buerger’s disease complained of intractable pain 
and finger ulcers. The patient with progressive systemic 
sclerosis and two patients with ASO exhibited toe gan- 
grene, and the remaining three patients with ASO had 
rest pain. Two of the patients with ASO suffered from 
chronic renal failure and were on hemodialysis. 


Statistical analysis 


Changes in the number of peripheral blood-CD34+ 
cells were expressed as percentages of the number before 
the Ist rhEPO administration (mean + SD). Statistical 
comparisons were performed using the paired Student’s 
t-test, with a probability value of less than 0.05 taken to 
indicate significance. 


RESULTS 
Laboratory examinations showed no polycythemia due 
to rhEPO administration or anemia due to phlebotomy but 


showed an increase in reticulocytes indicating activation 
of bone marrow (Table 2). 
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1) Augmentation and collection of CD34+ mono- 
nuclear cells in peripheral blood by erythropoietin 
administration and blood donation 


Fluorescence—activated cell storing analysis of pe- 
ripheral blood using CD34, CD133 and CD14 cells before 
and after apheresis demonstrated effective collection 
of peripheral blood-derived MNCs including CD34+ 
cells (Fig. 1A). The change of the number of peripheral 
blood-CD34+ cells in each patient, not on hemodialysis, 
is shown from before the Ist rhEPO administration to 
before apheresis in Fig. 1B. The number of peripheral 
blood-CD34+ cells had increased from 1.32 + 0.83/mi- 
croL before the rhEPO induction to 1.92 + 1.29/microL 
before the 2nd rhEPO administration and to 1.86 + 0.94/ 
microL before apheresis (Fig. 1B). There was a signifi- 
cant difference between the number of peripheral blood 
CD34+ cells before the Ist rhEPO administration and 
that before apheresis. The number of MNCs harvested by 
apheresis ranged between 0.5 x 10° and 16.5 x 10° (mean + 
SD, 10.0 x 10° + 4.7 x 10”). Consequently, the number of 
CD34+ cells in the product harvested by apheresis ranged 
between 0.1 x 10° and 12.7 x 10° (6.5 x 10°+ 4.5 x 10°) and 
accounted for 0.06 + 0.03% (0.02%—0.1%) of the MNCs 
(Table 3). Induction of peripheral blood CD34+ cells was 
performed without any serious complications; however, 
patients over 65 years of age or with chronic renal failure 
patients on hemodialysis had small numbers of peripheral 
blood CD34+ cells in the harvested MNCs. 
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Table 2 Laboratory examination around rhEPO and blood donation-induced mobilization of peripheral blood-derived 
progenitor cells and apheresis in a patient with Buerger’s disease 


Ist Cell Therapy 2nd Cell Therapy 3rd Cell Therapy 
Base 2nd pre post Base 2nd pre post Base 2nd pre post 
line EPO Aphe  Aphe EPO Aphe  Aphe EPO Aphe  Aphe 

5/1005 5/18 5/23 5/24 8/1105 8/19 8/24 8/25 4/3008 5/09 5/14 5/15 
WBC 6.8 8.1 8.8 7.1 6.6 10.3 8.3 8.2 Ll 8.4 9.1 7.9 
(*10/uL) 
RBC 4.26 4.31 4.31 4.02 4.52 4.46 4.07 3.99 4.10 4.04 3.78 3.57 
(*106/uL) 
Hemoglobin 14.2 14.2 14.3 13.4 15.2 15.2 13.7 13.8 14.3 14.2 13.0 12.3 
(g/dL) 
Platelet 343 309 319 251 276 306 333 287 305 363 407 323 
(*103/uL) 
Reticulocyte 17 25 30 28 21 30 27 23 17 29 27 26 
(%0) 
Neutrophil 60.2 62.5 60.9 67.8 72.6 58.9 80.1 68.5 64.4 72.8 
(%) 
Lymphocyte 29.1 27.3 27.7 21.9 18.8 30.9 11.3 22.6 24.4 17.0 
(%) 
Monocyte 6.1 5.9 6.1 6.5 5.0 6.4 6.5 53 6.4 6.9 
(%) 





No polycythemia due to rhEPO administrations or anemia due to blood donation were shown. Reticulocytes were increased from 
17-21%o to 25-30%o by human recombinant erythropoietin administrations and blood donation indicating activation of bone mar- 
row. EPO: human recombinant erythropoietin; Aphe: apheresis; Base line: before the 1st rhEPO administration; 2nd EPO: after 
the 2nd rhEPO administration; preAphe: before apheresis; postAphe: after apheresis 


‘before apheresis 


after apheresis 


cD34 


Fig. 1 


A: Fluorescence—activated cell storing analysis of peripheral blood using CD34, CD133 and CD14 cells before 
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and after apheresis. The results of peripheral blood-cell sorting analysis of patient 1 are shown. CD34+/ CD133+ 
mononuclear cells were effectively collected from peripheral blood by apheresis. 

B: Changes in the number of CD34+ cells in peripheral blood of patients not on hemodialysis from before the Ist 
thEPO administration to before apheresis. Peripheral blood CD34+ cells increased to 159 + 64% (82%-245%) 
before the 2nd rhEPO administration and to 137 + 35% (88%-175%) before apheresis. There was a significant 
difference between the percentage of peripheral blood CD34+ cells before the Ist rhEPO administration and 


that before apheresis. 
rhEPO: human recombinant erythropoietin 
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Table 3 The number of implanted mononuclear cells, CD34+ cells, and % of 7D34+ cells 

















Case No. age (yrs.) Diagnosis MNCs (no.) CD34+ cells (nc.) % of CD34+ cells 

A 77 ASO 0.5 x 10? 0.1 x 10° 0.02 
= 68 ASO (on HD) 9.0 x 10? 2.7 x 10° 0.03 
x 66 ASO 16.5 x 10° 5.0 x 10° 0.03 
4. 45 ASO 12.7 x 10? 12.7 x 10° 0.10 
5 61 ASO (on HD) 10.0 x 10° 4 x 10° 0.04 
6. -Ist. 48 Buerger 9.2 x 10? 9.2 x 10° 0.10 
-2nd. 48 Same as above 16.1 x 10° 12.7 x 10° 0.08 
-3rd. 51 Same as above 10.3 x 10? 9.7 x 10° 0.09 
-4th. 53 Same as above 10.6 x 10° 7.4 x 10° 0.07 
i 79 PSS 5.3 x 109 1.58 x 10° 0.03 

Mean + SD 61 + 13 10.0 x 10? + 4.7 x 10° 6.5 x 10°+ 4.5 x W° 0.06 + 0.03 





ASO: arteriosclerosis obliterans; PSS: progressive systemic sclerosis; MNC: mononuclear cell; % of CD34+ cells: the number of 


CD34+ cell/the number of mononuclear cell 


Table 4 Outcomes of limb ischemia after cell therapies 




















Status of limb 


Outcome of limb 


Maximum walking Ad 
verse 











Case No. Diagnosis ischemia before ischemia rest-pain scale distance after cell therapy se oi 
; complications 
cell therapy (before—after) (before—after) 
a ASO rest pain rest-pain scale (7—7) wheelchair none 
pA ASO rest pain rest-pain scale (10—5) 48m— 100m none 
a ASO rest pain rest-pain scale (2—0) 160m—915m none 
4, ASO toe gangrene amputation / none 
rest pain 
3: ASO toe gangrene amputation / none 
rest pain 
6. -Ist. Buerger finger ulcer temporarily improved / none 
rest pain rest-pain scale (6—3) 
-2nd. finger ulcer temporarily improved / none 
rest pain rest-pain scale (3—1) 
-3rd. finger ulcer temporarily improved / none 
rest pain 
-4th. finger ulcer temporarily improved / none 
rest pain 
7. PSS toe gangrene amputation / none 


rest pain 


ASO: arteriosclerosis obliterans; PSS: progressive systemic sclerosis; rest-pain scale of ischemic limbs ¢before cell implantation—6 


months after cell implantation) 


2) Outcomes of critical limb ischemia after cell trans- 
plantation 


There were no adverse complications caused by the 
trials (Table 4). Three patients showed subjective im- 
provement in the rest-pain scale of ischemic limbs and 
exhibited objective appearance of pulse waves in a toe 


56 


photoplethysmogram. Only one patient showed notable 
improvement of maximum pain-free walking distance 
from 160m before cell transplantation to 915m after 
cell transplantation. The twe patients with ASO and 
the patient with PSS associated with advanced toe/foot 
gangrene required amputation of the lower limb within 
3 months after cell transplantation. 
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A 48-year-old man with Buerger’s disease and in- 
tractable finger ulcers underwent successful Ist cell 
transplantation. Clinical symptoms with finger ulcers had 
significantly improved one month after MNC transplan- 
tation; however, an intractable ulcer on the same finger 
appeared two months later (Fig. 2A). Intermittent MNC 
transplantations were performed four times. Each cell 
transplantation resulted in an improvement, one month 
later, and the appearance of an ulcer(s) on the same/other 
finger ulcer(s) 2—6 months later. Laser Doppler perfusion 
imaging (LDPI) and TcPO, data showed an increase in 
peripheral tissue blood flow step by step with increase in 
the number of cell therapies (Fig. 2B and 2C). 
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A: Intractable finger ulcers in a 48-year-old man with Buerger’s 
disease before and after the first cell therapy. Fourth finger ulcer of 
the right hand and fifth finger ulcer of the left hand were significantly 
improved one month after cell transplantation. 

B: Changes in transcutaneous oxygen tension of both third fingers 
of the patient before and after Ist—3rd cell therapies. The values of 
TcPO, were increased one month after every cell therapy, but slightly 
decreased within 3 months. Overall, a slight increase in TcPO, was 
observed after cell therapies. 

TcPO,: transcutaneous oxygen tension 

C: Changes in Laser Doppler perfusion imaging of both hands 
in the patient before and after cell therapies. Perfusion imaging 
improved after every cell transplantation. Local tissue perfusion 
seems to increase step by step with an increase in the number of 
cell therapies. A: right hand, B: left hand. 

ROI: region of interest 

ROI | indicates that of the great toe, ROI 2 indicates that of the 
second toe, ROI 3 indicates that of the third toe, and ROI 4 indicates 
that of the fourth toe. Y-axis shows the value (voltage) of mean 
perfusion in each ROI. 


DISCUSSION 


Some angiogenesis therapies, using endothelial pro- 
genitor cells or extended modifications for peripheral 
arterial disease, were exploited, according to its basic 
rule, since the Japan Trial for Therapeutic Angiogenesis 
Using Cell Transplantation and have been in clinical use.°) 
In particular view of safety concerns, clinical use of the 
several therapeutic angiogenesis using autologous bone 
marrow- or peripheral blood-derived MNCs have been 
accumulated, however, the superior efficacy of those cel! 
therapies has not yet been achieved.”!":'*~'®) Practical, 
less-invasive and easily applicable therapeutic angiogen- 
esis remains to be established. Peripheral blood MNC 
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transplantation is expected to be developed as an efficient 
and safe optional treatment for critical ischemic limbs. 


Mechanistic explanation of how transplanted mono- 
nuclear cells work in critical ischemic limbs 


The patient who had symptoms that were most sug- 
gestive of Buerger’s disease and intractable finger ulcers 
underwent four successful cell transplantations that 
resulted in an improvement, one month later, though the 
patients had a relapse of the same/other finger ulcer(s), 2—6 
months later. Clinical improvement of the finger ulcers 
coincided with the timing of peak values of local LDPI 
and TcPO,, after each cell therapy. Those facts imply that 
the cell therapy itself plays some role in healing ischemic 
ulcers and that its working mechanism was through the 
upregulation of some tissue cytokines such as classic 
angiogenic growth factors consequent to the transplanted 
MNCs.'’-?) There was a recent report that human CD34+ 
exosomes may represent a significant component of the 
paracrine effect of progenitor cell transplantation for 
therapeutic angiogenesis.~”) Not only the long survival and 
the increase of transplanted MNCs, but also the potential 
of paracrine effects provided by the local secretion of 
cytokines, may underlie the longevity of improvement of 
ischemic limbs. In particular, the anti-apoptosis effect of 
augmented cytokines may result in the improvement. The 
resident population of apoptotic cells that are competent 
to respond to cytokines may also constitute a potentially 
limiting factor in those cell therapies. Since there was a 
long period (up to 6 months) until disappearance of finger 
ulcers, a more progressed cell therapy, with fine conser- 
vative management, will provide complete remission of 
finger ulcers in the near future. It is necessary to further 
investigate how rhEPO-induced MNCs participate in the 
restoration of damaged tissue circulation. 


Role of erythropoietin induction in the cell therapy 


Erythropoietin can induce endothelial cell prolifera- 
tion and differentiation and accelerate the migration of 
endothelial progenitor cells to peripheral blood.!'! Eryth- 
ropoietin levels were significantly increased on the day 
of peripheral blood stem cell collection, 2 weeks after 
chemotherapy, and G-CSF administration in comparison 
with levels of other cytokines.” Exposure to moder- 
ate hypoxia leads to an increase in progenitor cells in 
tissue and circulation, the effect of which is dependent 
on erythropoietin.7*) Serum levels of erythropoietin are 


significantly associated with -he number and function of 
circulating endothelial progenitor cells as well as with 
the number of progenitor cells in bone marrow and may 
help in identifying patients with impaired endothelial pro- 
genitor cell recruitment capacity. Strategies that increase 
serum erythropoietin concentrations may be promising 
for augmenting the regenerative properties of peripheral 
blood progenitor cells. 

Although therapeutic argiogenesis, using many 
CD34+ cells from bone marrow, has been introduced 
in patients with peripheral artery disease, the invasive- 
ness limits clinical application for cell therapy.” On the 
other hand, therapeutic angmgenesis using peripheral 
blood-derived MNCs is less invasive, and it also has the 
disadvantage of a small number of MNCs harvested by 
apheresis. Endothelial! progenitor cells consist of about 
0.01% of bone marrow-derived MNCs, and those of pe- 
ripheral blood-derived MNCs is also anticipated being 
extremely low. 


Pathophysiological factors influencing the efficacy and 
safety of the cell therapy 


Other investigators have demonstrated that the number 
of peripheral blood-derived MNCs induced by G-CSF 
for cell therapy to ischemic imbs was 2.3-11.6 x 10!° 
and that the number of CD34- cells was 1.37-14.9 x 107 
(mean, 0.13%; 0.07%—0.29%).°>?") Pretreatment with 
rhEPO caused significant mobilization of CD34+ circu- 
lating progenitor cells in peripheral blood and increased 
the number of functiomally ac ive endothelial progenitor 
cells in patients (week 2, 312 = 31%; week 8, 308 + 40%) 
as well as in healthy subjects (week 8, 194 + 15%).!!) 
Our previous study also revealed that the combination 
of rhEPO administration and dlood donation resulted in 
a significantly greater increase in the number of CD34+ 
and CD34+/CD133+ MNCs than that in the case of blood 
donation only and that rhEPO administration was a sig- 
nificant independent factor for the magnitude of increase 
in CD34+/CD133+ MNCs.?’) The results of the present 
study suggest that the optimal ‘iming of apheresis for cell 
therapy is one week after 2nd -hEPO administration and 
blood donation as our protocol. 

Although the mechanisms əy which stem cells might 
contribute to angiogenesis anc the origin of neovascular 
endothelial cells are comtroversial,**-*>) our results seem to 
imply that the efficacy of induction of autologous periph- 
eral blood-derived MNCs by rhEPO and blood donation 
is dependent on the number of transplanted CD34+ cells 
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and the patient’s pathogenesis. Among patients less than 
55 years of age or without chronic renal failure requiring 
hemodialysis, CD34+ cells were increased to 0.07%-—-0.1% 
of MNCs by our scheduled induction, and 9.2-16.1 x 10° 
MNCs and 7.4-12.7 x 10° CD34+ cells were transplanted 
to ischemic limbs. Although the augmentation by rhEPO 
was inferior to that by G-CSF, peripheral blood MNCs 
induced by rhEPO showed subjective and objective 
improvements to some degree without serious adverse 
effects such as angina and myocardial infarction. The 
acuity of ischemic limbs seems to be a limiting factor, and 
recipients with Buerger’s disease may be more favorable 
than those with ASO.*” In any case, early cell transplanta- 
tion therapy is recommended as an optional treatment for 
selected patients with peripheral arterial disease. 


CONCLUSIONS 


The findings suggest that autologous peripheral blood- 
mononuclear cell transplantation induced by rhEPO is a 
useful and safe alternative for patients with peripheral 
arterial disease, particularly for patients with Buerger’s 
disease and intractable finger ulcers. 
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Hybrid Repair Combined with Open Surgery and 
Endografting for Lesions in Right Aortic Arch: 


Shunsuke Sato, MD,! Hitoshi Matsuda, MD,! Tetsuya Fukuda, MD,” Keitaro Domae, MD,! Yutaka Iba, MD, ' 
Hiroshi Tanaka, MD,! Hiroaki Sasaki, MD,! and Hitoshi Ogino, MD! 


Three cases with lesions in the right aortic arch (RAA) are presented. For two patients, whose RAA 
contained a retroesophageal segment, the primary treatment was total arch replacement (TAR) for acute 
type A dissection or severe arch angulation with thoracic endovascular aneurysm repair (TEVAR) as 





second-stage surgery. The third patient, who had RAA with mirror image branching, underwent supra- 
aortic bypass followed by TEVAR. There was no operative mortality, but the condition of two patients 
who underwent TAR was complicated by bilateral recurrent nerve palsy, which can be critical. The 


combination of TEVAR and supra-aortic bypass might thus be preferable for patients with RAA. 


Keywords: right aortic arch, stentgraft, TEVAR, endovascular repair, hybrid repair 


INTRODUCTION 


ight aortic arch (RAA) is a relatively common 
nomaly which is classified by double or single 
arch and is categorized by a retroesophageal segment.” 
The surgical treatment for aortic lesions involving RAA 
is complicated due to the anatomical relationship of the 
aorta with the trachea and esophagus, and exposure of all 
aortic segments may be possible only through a median 
sternotomy or an intercostal thoracotomy. However, tho- 
racic endovascular aneurysm repair (TEVAR) is a viable 
therapeutic alternative for treatment of the descending 
aorta running on both sides of pleural cavities. The 
advantage of hybrid aortic repair utilizing TEVAR for 
patients with RAA is discussed. 
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PATIENTS 


Clinical charts of three cases with RAA who under- 
went hybrid aortic repair were reviewed retrospectively. 

Case 1 was a 67-year-old man who had been diag- 
nosed with an infrarenal abdominal aortic aneurysm 
(AAA). He presented with sudden, severe back pain, 
and enhanced computed tomography showed an acute 
type A aortic dissection, associated with RAA. The right 
subclavian (RSCA), right common carotid (RCCA), left 
common carotid (LCCA), and left subclavian (LSCA) 
arteries branched in that order from the RAA with a ret- 
roesophageal segment. For emergency surgical treatment 
of the aortic dissection, the heart and the aorta were ex- 
posed through a median sternotomy. A cardiopulmonary 
bypass with bicaval venous drainage was then initiated 
via the right axillary and left common femoral arteries. 
When the RAA was opened under deep hypothermia 
and selective cerebral perfusion, it was found that Kom- 
merell’s diverticulum behind the esophagus could not be 
approached because its location was too deep. Total arch 
replacement was, therefore, indicated, and distal anas- 
tomosis was initiated proximally to the diverticulum. 
To cover the entry, we inserted a 7-cm long elephant 
trunk graft into the true lumen of the descending aorta. 
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(A) Case 2 developed dilatation of Kommerell’s diverticulum and consequent descending 


aortic aneurysm (52 mm) with RAA containing a retroesophageal segment. The orifices of 
the LCCA, RCCA, and RSCA were close together at the top of the RAA and the LSCA arose 


from the diverticulum. 


(B) Case 2 underwent total arch replacement and elephant trunk installation tc create an ad- 


equate landing zone, and TEVAR with GoreTAGs (28 mm > 


15 cm and 34 mm x 20 cm) was 


performed one week later, extending from the elephant trunk to the distal descending aorta. 
LCAA: left common carotid ; RCCA: right common carotid ; RSCA: right subclavian ; RAA: 


right aortic arch ; LSCA: left subclavian: TEVAR: thoracic endovascular aneurysm repair 


The patient’s postoperative course was uneventful except 
for hoarseness due to bilateral recurrent nerve palsy. AAA 
replacement was performed 3 months later. For enlarge- 
ment (58 mm) of the middle descending aorta, TEVAR 
with GoreTAG (26 mm x 10 cm) was performed, extend- 
ing from the elephant trunk to the distal descending aorta. 
One year postoperatively, the descending aorta showed 
no further enlargement.” 

Case 2 was a 74-year-old male who developed dilata- 
tion of Kommerell’s diverticulum and consequent de- 
scending aortic aneurysm (52 mm). The RAA contained 
a retroesophageal segment (Fig. 1), and the orifices of the 


LCCA, RCCA and RSCA were close together at the top of 


the RAA, while the LSCA arose from the diverticulum. 
Total arch replacement and elephant trunk installation 
were performed to create an adequate landing zone while 
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TEVAR with GoreTAGs (28 mm x 15 cm and 34 mm 
20 cm) was performed, extencing from the elephant trunk 
to the distal descending aorta one week later. The patient 
developed postoperative, bilateral recurrent nerve palsy 
and pneumonia. 

Case 3 was an 81-year-old male with a history of malig- 
nant lymphoma. His RAA showed mirror image branching 
and the left brachiocephalic artery bifurcated to the LSCA, 
LCCA, RCCA, and RSCA in that order (Fig. 2). There were 
two saccular aneurysms, one just distal to the RSCA and 
the other at the proximal descending aorta. A supra-aortic 
bypass from the left axillar artery to the RCCA and right 
axillar artery was performed and TEVAR with GoreTAG 
(34 mm x 15 cm) two weeks Eater. To cope with the acute 
angle (311-degree) of the RAA, the proximal end of the 


wrapping of TAG was retracted with a snaring catheter 
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(A) Case 3 had RAA with mirror image branching, while the left brachiocephalic artery bifur 
cated to the LSCA, LCCA, RCCA, and RSCA in that order. There were two saccular aneurysms 
one just distal to the RSCA (38 mm) and the other at the proximal descending aorta (50 mm) 
(B) The case underwent thoracic endografting with GoreTAG (34 mm 15 cm) using the lasso 
technique two weeks after the bypass operation from the left axillar artery to the RCCA and 
right axillar artery. To cope with the acute angle (311 degrees) of the RAA, the proximal end 
of the wrapping of TAG was retracted with a snaring catheter which was inserted from the 


femoral artery. 


RAA: right aortic arch; LSCA: left subclavian; LCAA: left common carotid; RCCA: right 


common carotid; RSCA: right subclavian 


which was inserted from the femoral artery. The patient 
has been unable to visit our facility because of a pelvic 
fracture, but his survival was confirmed by telephone 
interview, one year postoperatively. 


DISCUSSION 


The incidence of RAA among adults is reportedly 
0.04% to 0.1%.>® The most frequent RAA has no retro- 
esophageal segment or mirror image branching (77%). 
RAA with a retroesophageal segment is rare (4%).” Our 
basic strategy for treatment of an aneurysm or dissection 
of the arch is total arch replacement.*) However, to deal 
with the risks or problems associated with patients with 
RAA, we chose hybrid repair including the use of TEVAR 
for the three cases. 

In case 1, the entry tear through the median sternotomy 
was too deep, and additional treatment was necessary to 
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close the entry. In case 2, the proximal anastomosis fo! 
replacement of the descending aorta was deemed too deep 
to be approached through the thoracotomy over Kom- 
merell’s diverticulum. In addition, the orifices of the arc! 
branches were too close together to create an adequate 
proximal landing zone for TEVAR. Case 3 was too old 
to undergo total arch replacement. However, RAA wit! 
mirror image branches features relatively long distances 
between the arch branches which allow for preservatio! 
of the blood flow to the left brachiocephalic artery and 
construction of an extrathoracic bypass to the right supra- 
aortic branches. 

Two of the three patients who underwent total arch 
replacement suffered from bilateral recurrent nerve palsy. 
and both of them had a retroesophageal aortic segment 
In patients with RAA with a retroesophageal aortic seg 
ment, the left recurrent nerve approaches the back of the 





ductus arteriosus, encircles it from the left dorsal latera! 
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to the right ventromedial area, and goes upward along 
the left surface of the esophagus and trachea, whereas, 
the right recurrent laryngeal nerve loops the aortic 
arch from the right dorsal lateral area in the direction 
of the left ventromedial direction.*) During the surgery 
for both these cases, we took great care to preserve the 
functions of the recurrent nerves, we could not succeed. 
When total arch replacement is necessary for patients 
with RAA, such as acute type A aortic dissection, even 
greater care is needed. When an alternative operative 
procedure is feasible, the combination of a supra-aortic 
(extra-thoracic) bypass and TEVAR might be more ef- 
fective for avoiding this serious complication of bilateral 
recurrent nerve palsy. 

For the combination of total arch replacement and 
TEVAR, we utilized a synthetic graft to create an el- 
ephant trunk as the proximal landing zone for TEVAR. 
The placement of a stentgraft inside a synthetic graft is 
not recommended in the instructions for use. However, 
the utility of this procedure, especially the utilization of 
an elephant trunk in the extended aneurysm, has been 
reported.» 

The RAA tends to have a shorter radius and more acute 
curvature of the arch than the usual gentle curve of a left 
aortic arch.°) In case 2, we anticipated a difficult passage 
of the GoreTAG through the acute angle, and we, there- 
fore, decided on total arch replacement which turned out 
to be complicated with bilateral recurrent nerve palsy. In 
case 3, however, retraction of the GoreTAG with a snar- 
ing catheter was found to be useful. Moreover, the gap 
between the olive tip and the wrapping of stentgraft has 
been made smoother (TAG over Molded Olive), so that 
the acute curvature of RAA may no longer be problematic 
when TEVAR with GoreTAG is used. 

A major limitation of this study is the small number 
of cases with this rare condition. For validation of the 
long-term durability and efficacy of our strategy, careful 
follow-up will be essential.” 
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CONCLUSION 


Multiple-stage surgeries including endografting were 
found to be useful for overcoming anatomical difficulties 
in patients with RAA. Bilateral recurrent nerve palsy 
after total arch replacement can be critical, and the use 
of TEVAR after supra-aortic bypass may, therefore, be 
preferable for patients with RAA. 


DISCLOSURE STATEMENT 
The authors have no conflict of interest to declare. 


REFERENCES 


1) Knight L, Edwards JE. Right aortic arch. Types and 
associated cardiac anomalies. Circulation 1974; 50: 
1047-51. 

2) Sato S, Matsuda H, Fukuda T, et al. Staged hybrid 
repairs of acute type A aortic dissection involving the 
right aortic arch with retroesophageal aortic segment. 
Euro J Vasc Endovasc Surg extra 2011; 21: e13-el6. 

3) Ogino H, Ando M, Sasaki H, et al. Total arch replace- 
ment using a stepwise distal anastomosis for arch 
aneurysms with distal extension. Eur J Cardiothorac 
Surg 2006; 29: 255-7 Epub 2006 Jan 11. 

4) Serisawa M, Shigehara N, Takahashi H, et al. Gross 
anatomical observations on two cases of right-sided 
arch of the aorta with the left subclavian artery as its 
last branch. Okajimas Folia Anat Jpn 1992; 68: 377-91. 

5) Matsuda H, Tsuji Y, Sugimoto K, et al. Secondary el- 
ephant trunk fixation with endovascular stent grafting 
for extensive/multiple thoracic aortic aneurysm. Eur J 
Cardiothorac Surg 2005; 28: 335-6. 

6) Bodine JA, D’Souza VJ, Formanek AG. An unusual 
type of dissecting thoracic aneurysm in association 
with right aortic arch. Vasa 1982; 11: 223-8. 

7) Coady MA, Ikonamidis JS, Cheung AT, et al. Surgical 
management of descending thoracic aortic disease: 
open and endovascular approaches: a scientific state- 
ment from the American Heart Association. Circula- 
tion 2010; 121: 2780-804 Epub 2010 Jun 7. 


Annals ef Vascular Diseases Vol.5, No.1 (2012) 


Ann Vasc Dis Vol.5, No.1; 2012; pp65—68 
©2012 Annals of Vascular Diseases 


Eee 
see 
nae 


= Case Report = 


doi: 10.3400/avd.cr.11.00046 


A Foot Ulcer Caused by the Use of an Angio-Seal Arterial 
Closure Device after Percutaneous Transluminal 


Angioplasty: A Case Report 


Shingo Chihara, MD,! Hideki Matsuo, MD,! Katsuaki Takagi, MD,! Shoichirou Arai, MD,! 


and Minoru Morimatsu, MD? 


Although the Angio-Seal arterial closure device is widely used for preventing bleeding and facilitating 
early ambulation after arterial puncture, it is also associated with unique complications, such as stenosis, 
occlusion, or peripheral embolism. We report the first case of a foot ulcer that developed 70 days after 
an Angio-Seal application. The collagen sponge component accidently positioned itself in the arterial 
lumen and was not absorbed. A foreign body reaction was observed microscopically. In patients with 
arteriosclerosis, the Angio-Seal device should be used carefully; post procedural monitoring is necessary 


after implantation. 


Keywords: angio-seal, complication, foot ulcer 


INTRODUCTION 


he need for a safe, easy-to-use, and effective hemo- 

static device has arisen because more percutaneous 
endovascular procedures are being performed. The An- 
gio-Seal arterial closure device (St Jude Medical, St Paul, 
MN) is widely used for sealing arterial puncture sites. 
This device comprises a collagen sponge, an absorbable 
anchor, and a connecting suture. Such arterial puncture- 
closing devices are thought to reduce hemostasis time 
and facilitate early ambulation, which potentially reduces 
the length of hospital stay and improves patient satisfac- 
tion. However, these devices have not been shown to 
reduce access site complications. -® Furthermore, sig- 
nificant complications, such as stenosis, occlusion, or 


'Department of Surgery, Chikugo City Hospital, Chikugo, 


Fukuoka, Japan 
?Department of Pathology, Chikugo City Hospital, Chikugo, 
Fukuoka, Japan 


Received: June 21, 2011; Accepted: November 2, 2011 
Corresponding author: Shingo Chihara, MD. Department of 
Surgery, Chikugo City Hospital, 917-1 Izumi, Chikugo, Fukuoka 
833-0041, Japan 

Tel: +81-942-53-7511, Fax: +81-942-53-7515 

E-mail: chihara21-29@buz.bbiq.jp 


Annals of Vascular Diseases Vol.5, No.1 (2012) 


peripheral embolism, may arise from the use of an Angio- 
Seal device; it is necessary for clinicians to be aware of 
these complications.*~ 

We report the case of a patient who presented with a 
foot ulcer that developed because of the use of an Angio- 
Seal device. 


CASE REPORT 


A 74 year-old woman presented with a right foot ulcer 
70 days after percutaneous transluminal angioplasty 
(PTA), which had been performed at another hospital. 
She had been undergoing treatment for arteriosclerosis 
obliterans at our hospital since 4 years earlier. During 
this treatment period, she showed no symptoms, although 
her ankle brachial index (ABI) scores were 0.68 and 0.76 
for the right and left ankles, respectively. When she was 
admitted to the hospital for chest pain, PTA performed 
on the right iliac artery revealed a stenotic lesion, al- 
though no significant coronary artery stenosis was ob- 
served. 

The ABI score deteriorated to 0.55 for the right ankle. 
Angiography also revealed a severe eccentric stenotic 
lesion of the right common femoral artery (CFA) at the 
level of the previous puncture site (Fig. 1). The superficial 
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Fig. 1 Angiography revealed a severe eccentric stenotic lesion 
in the right common femoral artery (CFA) at the level of 
the previous puncture site. 


femoral artery was smooth, although some stenotic 
lesions were observed in the calf. Duplex ultrasound 
scanning (DUS) clearly showed a severe stenotic lesion 
due to an isoechoic mass (Fig. 2). This was believed to 
be a nonatherosclerotic stenosis. We subsequently learned 
that an Angio-Seal device had been used in the original 
PTA. 

The patient was operated under local anesthesia for 
treating the rest pain and foot ulcer. A pronounced fibrotic 
reaction surrounding the groin vessels and advanced 
arteriosclerosis were detected. Upon opening the CFA, 
we observed a collagen sponge with a thrombus attached 
(Fig. 3). Since arteriosclerosis was pronounced, and the 
condition of the foreign body was unknown, the CFA was 
replaced by a 7 mm thin-walled, ringed, expanded 
polytetrafluoroethylene stretch graft. Microscopic ex- 
amination of the material removed at surgery showed 
evidence of an amorphous foreign material consistent 
with remnants of the Angio-Seal together with multi- 
nucleated giant cells, which resulted from the foreign 
body reaction. The patient had an uncomplicated post- 
operative recovery. The ABI score improved to 0.68 for 
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Fig. 2 Duplex ultrasound scanming showed a severe stenotic 
lesion due to isoechoic mass. 


the right ankle, and the foot ulcer healed promptly. 
DISCUSSION 


The Angio-Seal device is widely used for preventing 
bleeding and facilitating early ambulation after arterial 
puncture.! However, in terms of vascular complications, 
it remains controversial as to whether vascular closure 
devices are better than mechanical compression.'~) In 
addition, peculiar complications, such as stenosis, occlu- 
sion, and peripheral embolism, may arise from the use 
of an Angio-Seal device, it is necessary for clinicians to 
be aware of these complications.*~>) Previous studies have 
reported that CFA occlusion due to the use of an Angio- 
Seal device occurred in 0.3% to 0.4% of the devices.*»? 

Several possible mechanisms for the occlusion exist. 
The vessels were occluded because of the following 
factors: (i) the anchor of the device’); (ii) its collagen 
sponge, which had been uamintentionally deployed in 
the arterial lumen* & ”; (iii) a dissected plaque under- 
neath the device?:*); (iv) distal embolism caused by the 
device® 7); (v) the intimal plaque lifted up by the anchor’; 


Annals of Vascular Diseases Vol.5, No.1 (2012) 





Fig. 3 On surgical exploration, a pronounced fibrotic reaction was 
found surrounding the groin vessels. A collagen sponge 
with an attached thrombus was found in the CFA. 


or (vi) massive periarterial and intra-arterial fibrosis.*® 

Abando et al. recommended against the use of the 
Angio-Seal device in cases in which the arterial puncture 
site is above the inguinal ligament or below the femoral 
bifurcation, or in cases involving small (<5 mm) arteries 
or heavily diseased arteries. In the present case, arterio- 
sclerosis was very advanced even though the artery di- 
ameter was 6 mm.>) 

While most symptoms such as claudication or severe 
leg ischemia can appear within a few days, there are 2 
reports of cases in which a delayed major complication 
was treated surgically. Wille et al. described a patient 
with leg ischemia that developed 37 days postprocedure”); 
Shaw et al. reported a case in which ischemic symptoms 
occurred in the patient 3 months after Angio-Seal im- 
plantation.® Here, we report the first case of a patient who 
developed a foot ulcer and underwent surgery 75 days 
after Angio-Seal implantation. 

The Angio-Seal sponge is generally completely ab- 
sorbed between 60 and 90 days after implantation. How- 
ever, In our case, the gross appearance and microscopic 
evaluation confirmed that components of the Angio-Seal 
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Foot Ulcer due to Angio-Sea! 


had not been absorbed and had incited a vigorous foreign 
body reaction; these factors together caused significant 
stenosis to the femoral artery, as was described in the 
report by Shaw et al.® Although uncommon, a patient 
may develop a vigorous foreign body reaction, resulting 
in failure of resorption.**) 

DUS can show the location and degree of atheroscle- 
rosis prior to puncture. In addition, the collagen sponge 
in the CFA was easily detected using DUS in our case. 
We recommend that both predeployment and postproce- 
dure DUS should be performed to reduce the incidence 
of complications, especially in high-risk patients with 
small caliber (5-7 mm) and moderately calcified femora! 
arteries or patients with heavily diseased arteries. 

Goyen et al. interventionally treated all 5 patients with 
Angio-Seal-associated occlusive complications.°) How- 
ever, percutaneous treatment is potentially associated 
with embolization and difficulty in removing large frag- 
ments of debris because they are fragile and not firmly 
attached to the vessel wall.®® Therefore, in such cases. 
we believe that the best therapy is open surgical removal 
and repair of the artery. Since the extent and time course 
of bioabsorbability are not predictable, conservative 
treatment without removing the occluding material is not 
appropriate. 


CONCLUSION 


In the present case, the Angio-Seal device had been 
deployed in the heavily diseased artery by a cardiologist 
at another hospital. This case highlights the fact that even 
if the size and position of the puncture site are good, the 
Angio-Seal device should be used while keeping in mind 
the occurrence of late occlusive complication; moreover, 
postprocedural monitoring after implantation is neces- 
sary, especially in the cases of severe arteriosclerosis. 
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Simultaneous Endovascular Aneurysm Repair and Distal 
Gastrectomy in a Patient with Concomitant Abdominal 
Aortic Aneurysm and Advanced Gastric Cancer 


Yukihiro Matsuno, MD, PhD, Narihiro Ishida, MD, PhD, Yukiomi Fukumoto, MD, PhD, 
Katsuya Shimabukuro, MD, PhD, and Hirofumi Takemura, MD, PhD 


The optima] surgical management of patients with concomitant abdominal aortic aneurysm (AAA) and 
gastrointestinal malignancy remains controversial. A 79 year-old man who presented with hematemesis 
was found to have advanced gastric cancer concomitant with infrarenal AAA. The patient underwent 
simultaneous endovascular aneurysm repair (EVAR) and distal gastrectomy. The postoperative course 
was uneventful. The present case illustrates the clinical utility of EVAR for the high-risk patient with 
concomitant AAA and gastrointestinal malignancy. 


Keywords: abdominal aortic aneurysm; endovascular aneurysm repair; gastric cancer 


INTRODUCTION 


n recent years, the extended average life span has 

brought a high rate of malignancies associated with 
cardiovascular diseases. In particular, the incidence of 
gastrointestinal malignancies concomitant with abdom- 
inal aortic aneurysm (AAA) has also increased. Although 
cancer progression and aneurysmal rupture are both 
life-threatening events in patients with these clinical 
entities, current treatment strategy for this condition 
remains controversial. 

We report a successful case of simultaneous endovas- 
cular aneurysm repair (EVAR) and distal gastrectomy 
for AAA and advanced gastric cancer. 
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CASE REPORT 


A 79 year-old man was admitted to a general hospital 
for the investigation of sudden hematemesis. He was 
noted to be suffering from general fatigue and appetite 
loss with 5 kg weight loss in a month. Upper gastrointes- 
tinal examination with contrast medium revealed a mass, 
55 x 50 mm in size, on the anterior wall of the gastric 
antrum, and gastrointestinal fiberscopy showed a hemor- 
rhagic tumor compatible with a Bormann type II] gastric 
cancer, and the bleeding was successfully stopped with 
an endoscopic hemoclip (Fig. 1). He was given a blood 
transfusion and recovered smoothly. A biopsy specimen 
demonstrated moderately to poorly differentiated adeno- 
carcinoma. 

Computed tomography (CT) revealed a massive in- 
frarenal AAA that measured 81 mm in maximum diam- 
eter (Fig. 2A). 3-dimensional computed tomography 
(3D-CT) showed the fusiform AAA with severe angu- 
lated proximal neck (Fig. 2B). We diagnosed the disease 
as advanced gastric cancer concomitant with AAA. Then 
he was referred to our institution for the operation of both 
lesions. 

On physical examination, his conjunctivae were pale, 
but not icteric. A pulsating mass was palpated in his 
abdomen. Laboratory tests showed renal dysfunction with 
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Fig. 1 Gastrointestinal fiberscopy revealed a hemorrhagic tumor 


compatible with a Borrman type III gastric cancer on 


the anterior wall of the gastric antrum. The bleeding was 


successfully stopped with an endoscopic hemoclip. 





Fig. 2 A: Contrast-enhanced computed tomography (CT) revealed a huge infrarenal abcominal aortic 


aneurysm (AAA) that measured 81 mm in maximum diameter. 
B: 3-dimensional computed tomography (3D-CT) showed the fusiform AAA with a severe 


angulated proximal neck. 


an elevated serum creatinine level (1.25 mg/dl). After we 


had discussed the surgical management including one or 


two-stage operation and open versus endovascular aneu- 
rysm repair (EVAR), we decided to perform the simul- 
taneous EVAR and gastrectomy. 

Under general anesthesia, bilateral common femoral 
arteries were exposed through inguinal incisions. 
A 28 x 12 mm x 18 cm bifurcated Gore-Tex (Excluder) 
stent graft was chosen. The main body of the system was 
inserted using through the left common femoral artery 


into the position just below the left renal artery. After 


optimal position was confirmed by aortography, the main 
body was deployed successfully. Then both graft limbs 
were deployed uneventfully. At the end, aortography 
confirmed type I endoleak. Therefore, a proximal aortic 
extension (aortic extender 28 < 30 mm), used to seal the 
angulated proximal neck, repaired the endoleak. There- 
after a median-laparotomy was performed. The gastric 
cancer invaded the transverse mesocolon and middle colic 
artery. A distal gastrectomy with systemic lymph node 
dissection was performed. 

A postoperative 3D-CT on day 7 confirmed a patent 
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endovascular graft in a good position without endoleaks 
(Fig. 3). The postoperative course was uneventful, and 
he was discharged on postoperative day 36. 


DISCUSSION 


Although the incidence of patients presenting with 
concomitant AAA and gastric cancer is low, current 
treatment strategies in patients with both lesions remains 


|.'-4) The most important and difficult deci- 


controversia 
sion to make is whether to operate on the malignant lesion 
first, the AAA first, or both simultaneously. The decision- 
making may depend on many variables, including sur- 
geon’s experience and preference, local expertise, aneu- 
rysm size, and type and stage of cancer. As Szilagyi stated 
in 1967," it is most important to assess the absolute indi- 
cations for urgent surgical treatment of each lesion, being 
a high chance of aneurysm rupture, and such coexistent 
complications as hemorrhage, obstruction or perforation 
for the cancer. It is clear that the lesion which has the 
most dangerous complications should be operated on first. 

The use of simultaneous operations for both lesions 
has several advantages. Risks accompanying total anes- 
thesia, such as pneumonia or drug-induced complications, 
can be eliminated. Disease progression of the untreated 
lesion can be prevented. Surgeons have to keep in mind 
that there is a potential for aneurysm rupture if AAA 
resection 1s delayed by staged procedures. Furthermore, 
the anxiety of patients who are facing two life-threaten- 
ing lesions 1s resolved at one time. On the other hand, the 
major disadvantage of simultaneous operation is the risk 
of prosthetic graft infection which may result in severe 
complications. In the present case, we selected the simul- 
taneous operation because of the advanced hemorrhagic 
cancer and the high possibility of aneurysm rupture. We 
evaluated that the patient may be unable to tolerate a 


two-stage operation because of his advanced age and poor 


general condition. 

The evolution of vascular endografts and the reported 
efficacy of EVAR provide an alternative method for treat- 
ing complex and high-risk patients with acceptable 
mortality rate.°~”) EVAR results in early recovery and a 
shorter convalescence compared with open graft replace- 
ment. This modality offers potential treatment benefits 
in patients with suitable anatomy who have concomitant 
gastrointestinal malignancy.*'”) Herald et al. first re- 
ported the case of synchronous AAA and colorectal 
cancer treated entirely by minimally invasive surgery 
without laparotomy.'! Since then, several reports have 
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Fig. 3 Postoperative 3D-CT confirmed a patent endovascula 


graft in a good position without endoleaks. 


been described simultaneous EVAR and abdominal 
cancer resection.'?-'4) However, almost all of those reports 
were undergoing a resection for colorectal cancer. While 
our present case was a high-risk gastric cancer patient 
complicated with AAA, so simultaneous EVAR and 
distal gastrectomy were performed, and a satisfactory 
outcome was obtained. EVAR should be considered the 
treatment of choice in high-risk patients, taking into ac- 
count, however, that this treatment is not always feasible 
in all cases and that in patients with a normal life-expec- 
tancy it may not always be the right choice. Thus, a pre- 
operative evaluation including a psychiatric assessment 
especially in aged patients, should be carefully conducted 
when selecting the appropriate surgical procedure. 
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In conclusion, we successfully performed simultaneous 
EVAR and distal gastrectomy in a patient with concomi- 
tant AAA and advanced gastric cancer. EVAR is a safe 
and effective treatment for high-risk patients with a rela- 
tively low procedure-related morbidity and no mortality. 
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Preservation of Aortic Arch Branches Using Chimney and 


Sandwich Stent Grafts 


Hiroshi Mitsuoka, MD, PhD,! Tsunehiro Shintani, MD, PhD,! Takaaki Saito, MD,! Togo Norimatsu, MD! 


and Shigeki Higashi, MD, PhD? 


Purpose: To share our hybrid endovascular experiences using chimney or sandwich stent grafts for acute 


aortic arch pathologies. 


Methods: Hybrid procedures for a distal aortic arch aneurysm and an ascending anastomotic aortic 
aneurysm rupture were reported. Right to left common carotid and left axillar artery bypasses were 
located. Covered stents were inserted into the inominate artery, with the flow-proximal end located in 
the ascending (standard chimney) or the descending aortic stent graft (retrograde sandwich). 

Results: Both cases had no signs of brain ischemia. Aneurysms are decreasing in size. 

Conclusion: Chimney and sandwich techniques were technically feasible in the complex and acute situ- 


ations. 


Keywords: carotid artery bypass; retrograde sandwich; covered stent 


INTRODUCTION 


Eoo stent graft was introduced as a less in- 
vasive treatment for the cases intolerant with con- 
ventional surgical treatment. However, the cases with 
unfavorable anatomical factors are empirically more 
unfit to surgical procedures. The surgical procedures 
increase the technical difficulty and invasiveness, related 
to the preservation of blood circulation ofaortic branches. 
With the advent of endovascular techniques, management 
of aortic branches has thus come into sharp focus. Fenes- 
trated or branched stent-graft techniques may cast a light 
on the future treatment of such complicated cases.) 
Unfortunately, such devices cannot be used in acute 
situations, since they have to be customized and fabri- 
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cated to fit the case-specific anatomy. The purpose of this 
report is to share our endovascular experiences of chim- 
ney or sandwich technique for the treatment of acute and 
complex aortic arch pathologies. 


Case REPORTS 
Rapidly expanding distal aortic arch aneurysm 


The patient was a 76 year-old male, who had acute myo- 
cardial infarction (MI) in the left main coronary arterial 
area. The saccular aneurysm with the maximum diameter 
supersizing 6 cm was detected during the hospital stay, 
which expanded to 8 cm in a month. Mainly because of the 
recent MI and an increased level of serum creatinine (210 
umol/L), conventional arch repair (logistic Euroscore = 
13.19, Japan score = 21.1) was considered unsuitable, and 
the patient was referred to us for an endovascular solution. 
A right common carotid (CCA) -left CCA -left axillar artery 
(LAxA) bypass was created using a 6 mm of Dacron graft 
(Gelsoft ERS, Terumo, Tokyo, Japan), lead through the 
retropharyngeal space and costoclaviclar passage. A tho- 
racic stent graft (40 mm x 15 cm, Gore TAG Thoracic 
Endoprothesis, W.L. Gore & Associates, Flagstaff, AZ) 
was introduced from the right common femoral artery 
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Fig.l A: Three dimensional CT angiography. The green area indicates excluded 
aneurysm. Arrows indicate the level of tilted plane above which the 
volume data was rendered as in B: Partial volume rendering image. 
Note deformation of the upper surface of the aortic stent graft. A w- 


shaped curve was formed so that it covered the aortic endoluminal 


surface of the covered stent. 


(RCFA) with the proximal end located in the ascending 
aorta. As a “chimney” stent graft, an ancillary compo- 
nent of an abdominal aortic endograft (14.5 mm x 7 cm, 
iliac leg extension of Gore Excluder AAA Endoprothesis, 
W.L. Gore & Associates, Flagstaff, Az) was used to 
preserve the circulation of INA. Aortic and branch stent 
grafts were inflated carefully. A keen attention was uti- 
lized to avoid the aortic injury, which may be caused by 
an over expansion due to the balloons located in the 
parallel position. Left subclavian artery (LSA) was coil- 
embolized with platinum-tungsten coils (Interlock fibered 
IDC occlusion system, Boston Scientific Corporation, 
Boston, MA). A final angiogram found no signs of en- 
doleak. The patient tolerated the whole procedure, and 
showed no signs of ischemic stroke postoperatively. 
Three-dimensional CT at the 12th postoperative month 


found no signs of endoleak and a marked reduction of 


aneurismal diameter (Fig. 1). 
Ascending aortic anastomotic rupture 


The patient was a 79 year-old female, who had a previ- 
ous surgical history of ascending aortic grafting for acute 
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aortic dissection five years ago, and omentum patch 
thereafter for the postoperative dehiscence of median 
sternotomy. Computed tomography, performed for acute 
chest discomfort, revealed chronic and contained rupture 
of the ascending anastomotic aortic aneurysm rupture 
(Fig. 2). A right CCA-left CCA-LAXxA bypass was created 
as aforementioned. Because of the flexion in the ascend- 
ing aortic graft, the proximal insertion of chimney stent 
graft was considered hazardous to get a proximal en- 
doseal. The first (distal) thoracic stent graft (34 mm x 
15 cm, Gore TAG Thoracic Endoprothesis, W.L. Gore & 
Associates, Flagstaff, AZ) was delivered through the 
RCFA, and located with the proximal end located about 
five millimeters distally to the opening of the inominate 
artery (INA). A covered stent (14.5 mm, iliac leg exten- 
sion of Gore Excluder AAA Endoprothesis, W. L. Gore 
& Associates, Flagstaff, Az) was delivered from the INA 
into the endolumen of distal thoracic stent graft in the 
descending aorta. The proximal thoracic stent graft 
(34 mm x15 cm) was deployed with the proximal end 
located inside the previous ascending graft. The distal 
end of the second (proximal) stent graft was located, so 
that 6 cm of the covered stent for the INA was held (1.e., 
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Chimney and Sandwich Stent Graft for Complex Aortic Arch Patholog 





Fig. 2 Partial volume rendering (A) and axial images (B) of the preoperative computed to- 


mography were shown. Arrows indicated the anastomotic aneurysm and widespread 


thrombus near the proximal anastomosis. 





Fig. 3 Postoperative CT angiography. 
Arrows in the left figure indicate the level of tilted plane above which the 


volume data was rendered as in the levels A and B. The covered stent was 


tightly sandwiched. 


sandwiched) between the second and first (distal) stent 


grafts. Completion angiography recognized no sign of 


endoleak. The INA stent graft was “sandwiched” by the 
distal and proximal aortic stent grafts (Fig. 3). Postop- 
erative CT found a marked reduction of excluded volume 
of aneurysm or thrombus (Fig. 4). 
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DISCUSSION 


Greenberg had reported that the proximal landing zone 
could be extended above the ostium of renal arteries by 
deploying a self-expanding stent into the renal artery with 


a segment of the stent running parallel to the aortic wall 
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Fig. 4 Volumetric analysis of excluded aneurysm. 
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Postoperative CT angiography found a marked reduction of excluded aneurysm or thrombus. 


and the main stent graft.” In the territory of arch vessels, 
Larzon introduced “top fenestrated technique,” wherein 
the circulation into LCA and left subclavian arteries were 
maintained similarly.*) Ohrlander proposed the term 


“chimney graft” when covered stents were employed in 


a similar fashion.) Allagaband has described another 


concept, the “sandwich technique,” which consists of one 
or more covered stents from inside of the previously 
deployed aortic stent graft into the target vessel(s). It 
obtains an endo-seal by deploying the next aortic stent 
graft inside, with the proximal opening of covered stent(s) 
uncovered.) 

“Chimney” and “sandwich” stent-graft techniques 
have some issues for consideration. One problem is a type 
[ or II] endoleak caused by branch stent grafts extending 


through the proximal and distal sealing zones. Theoreti- 


cally, the more the branch stent grafts are used, the greater 


the potential for the leak. The longer the overlap zones 


are, the less likely the leak would be detected. In our 


literature search, maximally two stents per each proximal 
or distal aortic sealing zone were inserted, and the over- 
wrap zones seemed to be longer than 3 cm for the chim- 
ney stent graft and longer than 6 cm for the sandwich. 
The numbers of branch stent grafts could be reduced by 
the aforementioned surgical procedures. Blood supply 
into the stent grafts for the arch branches should be also 
considered. In the latter case, the stent graft into the INA 
was Inserted so that the blood flow is delivered in the way 


opposite to the aortic main flow. We had concerned the 


adequacy of flow volume sup 9lied in this fashion and had 
prepared the RCFA-RCA bypass. However, during this 
procedure, there was no significant decrease of brain 
oxygenation measured by photospectroscopy, and the 
case experienced no ischemie complications. No reports 
about the use of sandwich technique in combination to 
carotid arterial reconstruction, where the innominate 
arterial flow is reversely supp ied, could be hitherto found 
in our literature search. 

In the extra-anatomical bypass for these cases, the 
selection of proximal/distal anastomosis is an issue for 
considerations. In carotid arterial procedures, ischemic 
complications are mostly caused by the brain emboll1.°’ 
As we are aware of this issue, we selected cervical portion 
of common carotid arteries for the anastomosis of bypass 
grafts, where the deposition of atheromatous debris is 
less likely. If severe degree o` brain ischemia is detected, 
usage of any form of arterial shunt could mitigate the 
degree of brain ischemia.” Furthermore, durability and 
patency of chimney and sandwiched stent grafts should 
be monitored carefully, because these were under the 
influence of other stent grafts. It should be also reminded 
that long term patency of the extra-anatomical bypass 
could not be guaranteed. In addition, the case with ath- 
eromatous diseases in carotic arteries or INA, indication 
of aforementioned techniques should be carefully de- 
cided. 

In summary, so-called chimney or sandwich stent 


grafts seemed feasible for the treatment of acute and 
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complex aortic arch pathologies. These techniques inher- 
ently have the risk of damaging aortic sealing in their 
passages, and may have other case-specific problems. 
These problems would not be fully solved, but might be 
partially mitigated by current devices and techniques. 
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= Iatrogenic Acute Aortic Dissection during Percutaneous 
Coronary Intervention for Acute Myocardial Infarction 


| Kenichiro Noguchi, MD, Daijiro Hori, MD, Yohei Nomura, MD, and Hiroyuki Tanaka, MD, PhD 


latrogenic acute aortic dissection during percutaneous coronary intervention is an extremely rare, but 
critical complication. Localized aortic dissections have been treated by sealing the entry with a coronary 
stent. Extensive dissections may require a surgical intervention. We present a case of type A extensive 


aortic dissection occurring during angioplasty of the left circumflex artery for acute myocardial infarc- 


tion. This iatrogenic aortic dissection required emergent surgical repair with supracoronary replacement 


of the ascending aorta. 





Keywords: iatrogenic acute aortic dissection, percutaneous coronary intervention. acute myo- 


cardial infarction 


INTRODUCTION 


A aortic dissection is a life-threatening event that 
requires early recognition and frequently requires 
emergent surgical treatment. It usually occurs spontane- 
ously in patients with long-standing hypertension and 
cystic medial necrosis of the aortic wall. The occurrence of 
dissection of the ascending aorta as a complication of coro- 
nary angiography or coronary angioplasty is exceedingly 
rare.) In contrast, coronary dissection is a well-known 
complication of coronary angioplasty that nowadays can 
be successfully treated with intracoronary stenting. 

The options for treatment are determined on the basis 
of patient stability, nature of dissection of the coronary 
artery, and extent of aortic dissection. Surgical interven- 
tion is associated with particularly high risk in unstable 
patients with acute myocardial infarction (AMI). We 
present a case of a patient who developed an iatrogenic 
acute aortic dissection during percutaneous coronary 
intervention (PCI) following an AMI. 
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CASE REPORT 


A 66 year-old man with untreated hypertension was 
admitted to our hospital because of AMI. The patient’s 
blood pressure was 140/60 mmHg on admission. An 
electrocardiogram showed elevation of the ST segment 
in II, HI, and aVf leads. Serial creatine kinase levels were 
elevated at 3065 U/L (normal range, 25-195 U/L). A 
coronary angiography (CAG) using a MP 3.75 4Fr guide 
catheter, performed through the right radial artery ap- 
proach, revealed single vessel disease with a 100% proxi- 
mal left circumflex artery (LTX) lesion (Fig. 1). When 
we carried a Launcher EBU 3.5 6Fr guide catheter, there 
was resistance with the brachiocephalic artery and the 
patient complained of the right shoulder pain. However, 
reperfusion was achieved by passing a guidewire (Rinato) 
through the affected artery, fol owed by aspiration throm- 
bectomy. After balloon predilatation of the LCX lesion, a 
bare metal stent (3.5—18 mm DRIVER, Medtronic) was 
implanted. An angiogram showed antegrade thrombolysis 
in myocardial infarction (TIMI) 3 flow in the LCX. Dur- 
ing coronary angioplasty, the patient’s blood pressure was 
normal range. After coronary intervention, the patient 
developed retrosternal pain and complained of a migrat- 
Ing pain starting in the neck tothe back. At this point, we 
noticed this critical complicat on. In preparations for an 
emergent CT scan, the patients blood pressure dropped 
(60/40 mmHg), and he required rapid fluid replacement. 
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Fig. 1 Diagnostic coronary angiogram showing a 100% lesion 
in the proximal left circumflex artery (arrow). 


Transthoracic echocardiography showed a large quantity 
of pericardial effusion. An emergent CT scan revealed 
an extended aortic dissection from the ascending aorta 
to the abdominal aorta (Fig. 2a). 

An emergency operation was performed because of 
hemodynamic deterioration. Cardiopulmonary bypass 
was immediately established by right femoral artery and 
bicaval cannulation, and the patient’s body was cooled. 
The ascending aorta was dilated to as much as 4.5 cm 
in diameter and was a dark reddish color along its entire 
length. Because the CT-Scan revealed intimal tear around 
the brachiocephalic artery, the aortic cross-clamp was not 
performed. Hypothermic circulatory arrest was induced 
at 22°C, and the ascending aorta was opened. For myo- 
cardial protection, cold blood cardioplegic solution was 
administered retrogradely through the coronary sinus. 
Careful observation revealed no intimal tear in the proxi- 
mal or around the left coronary orifice. The initial entry of 
dissection was located at the front of the ascending aorta 
near the orifice of the brachiocephalic artery. Moreover, 
the size of entry was approximately 3 cm. After the entry 
abscission, the ascending aorta was reconstructed with 
a 26-mm woven Dacron graft (Fig. 2b). The patient was 
weaned from cardiopulmonary bypass without difficulty. 
He recovered uneventfully and was discharged on the 
l6th postoperative day. 
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Fig. 2 a: Computed tomography scan immediatel 


a 
after PCI showing a dissection of the tho 

racic aorta. 

b: Computed tomography scan 2 weeks 

after replacement of the ascending aorta 

(arrow). 


DISCUSSION 


Acute aortic dissection during cardiac catheterization 
is a very rare complication. (overall incidence, 0.02%) and 
occurs more frequently in the emergency setting of AM] 
(0.19%) than in an elective setting (0.01%).°) The incidence 
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is generally higher during PCI (overall 0.03%) than dur- 
ing diagnostic procedures (<0.01% in elective settings).”) 

In most previously reported cases, the entry point was 
within a dissected coronary artery with progressive retro- 
grade dispersion within the subintimal space in the aortic 
root. Few studies have reported isolated dissection of the 
aorta without involvement of coronary arteries.*) In our 
case, the entry point was located around the brachioce- 
phalic artery, and the coronary artery was not dissected. 

The etiology of this condition is most likely multifacto- 
rial. Several possible mechanisms have been proposed: 
retrograde propagation of a coronary dissection resulting 
from mechanical trauma due to a wire, catheter, inflated 
balloon, or other device and aortic trauma resulting di- 
rectly from the guide catheter.*) The nature of the coro- 
nary lesion to be treated may have the greatest impact 
on the probability of aortic dissection occurring because 
of catheterization. Heavily calcified vessels, which often 
require more aggressive guiding catheter manipulation in 
order to deliver coronary balloons and stents, are inher- 
ently more prone to dissection.’ 

In recent years, a transradial approach has gained 
widespread acceptance among interventional cardiolo- 
gists, aiming to minimize bleeding complications and 
increase patient comfort. However, technical failure has 
been reported up to 5% of cases even if performed by 
skilled operators. The main reason of failure is repre- 
sented by anatomic abnormalities of upper limb arteries 
and subclavian-brachiocephalic axis.® We postulate that 
the cause of the aortic dissection in our patient was an 
aggressive manipulation of the guiding catheter through 
the right radial artery approach, given that the intimal 
tear was located around the brachiocephalic artery. 
Moreover, we assume that an aggressive manipulation 
probably occurred because of presence of anatomic 
abnormalities of subclavian-brachiocephalic axis. Next, 
we consider the management of catheter-induced aor- 
tocoronary dissection. Dunning and colleagues’) have 
classified aortocoronary dissection based upon the extent 
of aortic involvement: Class I, contrast staining involves 
only the coronary cusp; Class II, contrast extends up the 
aortic wall to <40 mm; and Class IHI, contrast extends to 
>40 mm up the aortic wall. In their published case series, 
the extent of propagation of aortic dissection yielded 
prognostic information, with Class III dissections hav- 
ing uniformly poor outcomes. This classification may 
be useful for risk stratification. The optimal treatment 
for this complication has not been established, but it had 
been recommended that cases of localized aortocoronary 
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dissection not complicated by ischemia or hemodynamic 
instability can be treated with intracoronary stenting or 
conservative management. However, if ischemia of any 
of the aortic branches occurs, or if there is extensive dis- 
section or hemodynamic instability, urgent surgery is the 
treatment of choice.® 

In our patient, the iatrogenic aortic dissection occurred 
during PCI for AMI and was very extensive. Moreover, 
the patient also experienced hemodynamic deterioration 
due to cardiac tamponade, and emergent surgery was 
required in spite of a high risk. Lentini and Perrotta”) 
suggest that despite considerable myocardial protection 
and improved surgical techniques, the mortality rate for 
patients with aortic dissection complicated by extensive 
myocardial damage remain high. The patient’s serial 
creatine kinase levels increased to 3065 U/L before 
emergent surgery. It was therefore assumed that the op- 
erative mortality of replacement of the ascending aorta 
was very high because of the poor cardiac condition 
and severe inflammatory response. In conclusion, this 
case demonstrates an iatrogenic acute aortic dissection 
with a supracoronary entry without involvement of the 
coronary arteries, which most likely occurred as a result 
of rather aggressive use of a guide catheter. Fortunately, 
this patient recovered well after emergency replacement 
of the supracoronary ascending aorta. However, this com- 
plication is extremely dangerous and is a life-threatening 
event; therefore, it is crucial to prevent a catheter-induced 
aortic dissection during PCI. In particular, the operator 
should be aware of the possibility of dissection during 
aggressive manipulation of guide catheters. 
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Intrathoracic Left Subclavian Artery Aneurysm: 


Report of a Case 





INTRODUCTION 


S ubclavian artery aneurysm (SAA) Is a rare peripheral 
aneurysm. The most common causes of true SAA are 
atherosclerosis, thoracic outlet syndrome, infection, 
trauma, and congenital arterial anomalies such as Marfan 
syndrome or von Recklinghausen’s disease.” These an- 
eurysms can undergo rupture, thrombosis, or embolism, 
and can cause symptoms by local compression. Here, we 
present our experience with an aneurysm of the intratho- 
racic left subclavian artery. 


CASE REPORT 


A 74 year-old man was referred to our institution after 
an abnormality was detected on his chest X-ray film 
(Fig. 1). Physical examination was unremarkable. The 
blood pressure was normal and equal in both upper ex- 
tremities (120/80 mmHg). He had no history of trauma, 
infection, congenital arterial anomalies, or systemic 
vasculitis. Computed tomography (CT) demonstrated an 
aneurysm that measured 3.9 cm on the proximal part of 
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Aneurysms of the intrathoracic subclavian artery are extremely rare. A 74 year-old man was referred 
to our hospital with an abnormal chest X-ray film. Contrast computed tomography revealed an intra- 
thoracic left subclavian artery aneurysm. Via left 4th posterolateral thoracotomy, the aneurysm was 
exposed under systemic deep hypothermia and circulatory arrest. The distal arch was replaced with a 
26 mm single-branched graft and the left subclavian artery was reconstructed with a 10 mm graft. 


the left subclavian artery. There were no other aneurysms. 
CT also revealed dilatation of the ostium of the left sub- 
clavian artery (Fig. 2). The aneurysm increased from 
3.9 cm to 4.9 cm in diameter after 11 months on repeat 
CT (Fig. 3). The patient was anxious about the aneurysm 
and requested graft replacement. 

The operation was done via left posterolateral thora- 
cotomy through the 4th intercostal space. After systemic 
heparinization, the right femoral artery and femoral vein 
were cannulated, and cardiopulmonary bypass was es- 
tablished. The aneurysm was exposed under systemic 
deep hypothermia and circulatory arrest. The distal arch 
was replaced with a 26 mm single-branched graft (Tri- 
plex, Terumo Co., Tokyo, Japan) and the left subclavian 
artery was reconstructed with a 10 mm graft. Operative 
findings confirmed that the aneurysm was due to athero- 
sclerosis and not trauma. 

His postoperative course was uneventful, and follow- 
up CT confirmed a good result (Fig. 4). 


DISCUSSION 


Aneurysms of the subclavian artery are infrequent, 
accounting for less than 1% of atherosclerotic aneurysms 
in a large series.) The most common etiology of aneu- 
rysms at this location is atherosclerosis, followed by in- 
fection, Marfan syndrome, and thoracic outlet syn- 
drome.” 

SAA can sometimes be completely asymptomatic, as 
in the present case. When symptoms occur, chest pain or 
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Fig. 1 Preoperative chest X-ray film shows a left mediastinal mass. Fig. 3 Contrast-enhanced CT scan showing an aneurysm of ths 


left subclavian artery. 
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Fig. 2 Contrast-enhanced CT scan showing the dilated ostium of Fig. 4 Multislice CT at 2 months postoperatively 


the left subclavian artery. 


shoulder pain is most common. SAA can undergo rupture, high incidence of death from rupture and exsanguination 
thrombosis, or embolism, and can cause symptoms due has been reported regardless of the size of the aneurysm.” 
to local compression. Therefore, an aggressive approach must be taken when 

The natural history of SAA is unknown. However, a dealing with SAA. It has been reported that the operative 
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mortality rate for SAA repair is 6%, with a morbidity rate 
of 25%.) In patients with atherosclerotic aneurysms, it 
is important to rule out other aneurysms elsewhere in the 
body since the incidence of associated aneurysms ranges 
from 33% to 47% and a significant number of late deaths 
from rupture of such aneurysms has been noted.” 

In many patients with a proximal left SAA, the orifice 
of the subclavian artery is fragile and dilated, so recon- 
struction by anastomosis or direct closure of the artery 
with a patch graft is difficult.” The best approach for 
proximal left SAA remains controversial. It has been 
conventional to approach the intrathoracic left subclavian 
artery through a left 4th intercostal posterolateral thora- 
cotomy in order to obtain proximal control, but median 
sternotomy has also been employed.*) However, the left 
subclavian arteries arises from the distal arch of the aorta 
and lies posteriorly in the thoracic cavity, sometimes 
making it difficult to obtain distal side of subclavian 
artery control via an anterior approach, in these cases the 
posterolateral approach is considered to be useful. 

Surgery is the main treatment for SAA, and endolu- 
minal stent grafting may be the method of choice for 
high-risk surgical candidates.” On the other hand, endo- 
vascular repair of intrathoracic left subclavian artery 
aneurysm and total endovascular debranching of the 
aortic arch have recently been reported.®”) Endovascular 
aortic repair may be an alternative to conventional surgi- 
cal repair for patients with left SAA. 
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In conclusion, we reported a 74 year-old man in whom 
we treated an atherosclerotic aneurysm of the intratho- 
racic left subclavian artery. 


REFERENCES 


1) Dent TL, Lindenauer SM, Ernst CB, et al. Multiple 
arteriosclerotic arterial aneurysms. Arch Surg 1972; 
105: 338-44. 

2) Dougherty MJ, Calligaro KD, Savarese RP, et al. 
Atherosclerotic aneurysm of the intrathoracic subcla- 
vian artery: a case report and review of the literature. 
J Vasc Surg 1995; 21: 521-9. 

3) Argotte AF, Giron F, Bilfinger TV. Bilateral subclavian 
artery aneurysms with pseudocoarctation of the aorta. 
Case report and review of the literature. J Cardiovasc 
Surg (Torino) 1998; 39: 747-50. 

4) Coselli JS, Crawtord ES. Surgical treatment of aneu- 
rysms of the intrathoracre segment of the subclavian 
artery. Chest 1987; 91: 704-8. 

5) Kawaguchi S, Watanabe M, Hachimaru T, et al. Ath- 
erosclerotic pseudoaneurysm of the left subclavian 
artery: a case report. Aan Thorac Cardiovasc Surg 
2010; 16: 376-9. 

6) Veraldi GF, Furlan F, Tasselli S, et al. Endovascular 
repair of intrathoracic lef subclavian artery aneurysm 
with stent grafts: report of a case and review of the 
literature. Chir Ital 2005 57: 355-9. 

7) Cires G, Noll RE Jr, Albuquerque FC Jr, et al. Endo- 
vascular debranching of tae aortic arch during thoracic 
endograft repair. J Vasc surg 2011; 53: 1485-91 Epub 
2011 Apr 16. 


Annals-of Vascular Diseases Vol.5, No.1 (2012) 


Ann Vasc Dis Vol.5, No.1; 2012; pp85—88 
©2012 Annals of Vascular Diseases 


= Case Report = 


doi: 10.3400/avd.cr.11.00061 


Endovascular Stenting for Left Subclavian Venous Stenosis 
for a Hemodialysis Patient with a Persistent Left Superior 


Vena Cava 


Tomohiro Matsumoto, MD, PhD,' Takuji Yamagami, MD, PhD,” Hiroyuki Morishita, MD, PhD, 
Shunsuke Asai, MD,! Osamu Sato, MD, PhD,! Tsuneyuki Nakanouchi, MD, PhD,? and 


Tsunehiko Nishimura, MD, PhD? 


A persistent left superior vena cava (PLSVC) is the most common thoracic venous anomaly, and we should 
be aware of its existence. We encountered a case of significant left arm swelling due to recurrent left 
subclavian venous stenosis in a hemodialysis patient with a PLSVC. Endovascular stent placement was 
performed safely and effectively for the stenosis employing the pull-through technique, in which a guide- 
wire was passed from the left internal jugular vein to the access vein. On the following day, left arm 
swelling had improved. 3 months after stent placement the left arm swelling has not recurred. 


Keywords: stent, pull-through technique, persistent left superior vena cava 


INTRODUCTION 


he prevalence of a persistent left superior vena cava 
(PLSVC) is estimated to be approximately 0.3%-— 
0.5% in individuals with a normal heart and 4% in those 
with congenital heart disease.) A PLSVC can be detected 
incidentally during procedures such as hemodialysis (HD) 
catheter placement,?) and can cause difficulties during 
central venous and pulmonary artery catheterization.” 
Serious complications such as shock, angina and cardiac 
arrest have been described during catheterization in 
adults with a PLSVC.>® 
Recently, we encountered a recurrent left subclavian 
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venous stenosis in an HD patient with a PLSVC. We 
performed endovascular stent placement safely and ef- 
fectively for the stenosis employing the pull-through 
technique from the left internal jugular vein to the access 
vein. 


CASE REPORT 


The patient was a 56 year-old man who had undergone 
HD due to renal failure following chronic glomerulone- 
phritis for 28 years. The patient presented with left arm 
swelling 1 year after new creation of a native brachial 
arteriovenous (A-V) fistula for HD. Percutaneous trans- 
luminal angioplasty (PTA) for the stenosis of the left 
subclavian vein was performed twice within 2 months at 
another hospital. However, arm swelling recurred a few 
weeks after the last PTA, and then the symptoms gradu- 
ally worsened. The patient did not want closure of the 
A-V fistula. Therefore, he was referred to our hospital for 
endovascular stent placement. At the time of hospital 
admission, the patient had left upper arm and forearm 
diameters of 31 and 25 cm. 

Initially, the access vein was punctured with an 18 
gauge needle. Then, venography, obtained by the manual 
injection of 12 mL of contrast medium (150 mg of iodine 
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Fig. 1 A: Venography demonstrated a persistent left superior vena cava (arrows), severe focal stencsis of the left subclavian vein 
(white arrow), and development of collateral veins (arrowheads). 
B: After the insertion of a sheath introducer from the left jugular vein, a 0.035-inch guidewire was pulled through with the 


sheath from the access vein. 


C: A stent was precisely deployed over the stenotic lesion without protrusion into the pers stent left superior vena cava. 
Additionally, the venography revealed resolution of the subclavian venous stenosis and disappearance of collateral veins. 


per milliliter) with an 18 gauge needle, revealed a PLSVC 
and focal severe stenosis of the left subclavian vein 
(Fig. 1A). The diameter of the adjacent vein was ap- 
proximately 12 mm. 

The patient received an intravenous heparin injection 
of 3000 U (50 U/kg) before the procedure. After the inser- 
tion of a 7-French sheath introducer from the puncture 
site under local anesthesia, the stenosis was traversed 
with a hydrophilic 0.035-inch guidewire (Terumo, Tokyo, 
Japan) and a 5-French catheter (Clinical Supply, Gifu, 
Japan) through the sheath introducer. A balloon catheter 
of 8 mm in diameter and 20 mm in length (Powerflex; 
Cordis, Miami, FL, USA) was inserted through the sheath 
introducer and inflated over the stenotic lesion at 10 atm 
for | minute as pre-dilatation. Then, we performed stent 
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placement. The diameter of the adjacent vein was so large 
that there was a possibility tnat the stent would migrate 
to the PLSVC. To prevent such migration and provide 
sufficient traction to deliver a large-sized catheter device, 
we decided to place the stent employing the pull-through 
technique as follows. First, a 7-French sheath introducer 
was inserted from the left jugular vein under local anes- 
thesia. Next, a 0.035-inch gu:dewire of 260 cm in length 
(Terumo) was inserted through a 5-French catheter which 
was advanced through the 7-French sheath introducer 
placed in the left jugular veim. The 0.035-inch guidewire 
was navigated into the sheath from the access vein. The 
guidewire was grasped by surgical forceps with the sheath 
inserted from the access vein and was pulled out of 
the sheath (Fig. 1B). Then, the 5-French catheter was 


Annals of Vasc ilar Diseases Vol.5, No.1 (2012) 


withdrawn. The 7-French sheath inserted from the left 
jugular vein was exchanged with a 12-French stent de- 
livery sheath of 60 cm in length (GZVI; COOK, Bloom- 
ington, IN, USA). Finally, a 10 to 25-mm diameter and 
30.6 to 39.0-mm-long Palmaz XL stent (Cordis), mounted 
over a balloon catheter of 15 mm in diameter and 40 mm 
in length (Maxi-LD; Cordis), was precisely deployed 
without protrusion into the PLSVC via the 12-French 
sheath after stenotic lesion coverage became optimal on 
venography (Fig. 1C). During advancement of the stent 
mounted over the balloon catheter, tension was main- 
tained at both ends of the 0.035-inch guidewire. On the 
following day, left arm swelling had improved diameter 
of the left upper arm and forearm were 27 and 19 cm, 
respectively), and the patient was discharged from the 
hospital. Post-procedural anticoagulation or antiplatelet 
therapy was not prescribed. 

3 months afier stent placement the left arm swelling 
has not recurred. 


DISCUSSION 


The PLSVC descends vertically in front of the aortic 
arch, close to and slightly lateral to the vagus nerve, and, 
in most cases, enters the right atrium by way of the coro- 
nary sinus.” Catheter tip manipulation in the coronary 
sinus may cause serious complications such as shock, 
cardiac arrest, and angina in adults with a PLSVC.5 

Central venous stenosis or occlusion is a common 
complication that leads to access dysfunction in HD 
patients. Endovascular treatment for central venous ste- 
nosis or occlusion is well-known as a safe and effective 
procedure in HD patients.*-'2 However, the optimal 
choice between PTA and stent placement in the manage- 
ment of central venous stenosis and occlusion still re- 
mains controversial. Some groups routinely perform stent 
placement for central venous stenosis; they have reported 
improved patency rates compared to those with PTA 
alone.®”) On the contrary, other groups reported that the 
primary patencies between angioplasty and stent were 
not significantly different.!°!) Further, Ozyer et al.!” 
reported that stent placement for central venous stenosis 
or occlusion led to a significantly lower primary patency 
rate than PTA but added to the longevity of vein patency 
in angioplasty-resistant lesions; therefore, stent placement 
should be considered in such angioplasty-resistant lesions. 
The most commonly used stents for central venous ste- 
nosis or occlusion are self-expandable stents. On the other 
hand, balloon-expandable stents are used only when the 
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stenosis is short!) and the diameter is large.!») 

The pull-through technique has been reported in the 
treatment of totally occluded iliac arteries!” or the high- 
grade stenosis of central veins.'>) The technique provides 
sufficient traction to deliver a large-sized catheter device 
even when there are sharply angled lesions, as in the 
present patient. 

In the present case, because recurrent left subclavian 
venous stenosis after repeat PTA developed in an HD 
patient, stent placement was chosen. Although there has 
been the disadvantage that a balloon-expandable stent 
may have developed compression or deformation after 
deployment,!*) we decided to use a Palmaz stent instead 
of a self-expandabie stent because the subclavian vein 
was larger than the self-expandable stent available in 
Japan, with commercial sizes up to 12 mm. Palmaz stent 
placement was successfully performed for the stenosis 
employing the pull-through technique, in which a guide- 
wire was passed from the left internal jugular vein to the 
access vein. There has been one report of a stent being 
placed for central venous occlusion or stenosis with the 
use of the pull-through technique between the femoral 
vein and access vein.!) To our knowledge, however, there 
has been no report of stent placement employing the 
pull-through technique from the left internal jugular vein 
to the access vein for subclavian venous stenosis in an 
HD patient with a PLSVC. If we had used the pull-through 
technique between the femoral vein and access vein in 
this case, severe complications such as arrhythmia and 
cardiac arrest would have developed because the guide- 
wire would have passed through the coronary sinus. 

In conclusion, we should be aware of the existence of 
a PLSVC, which is not exceedingly rare, although uncom- 
mon, in interventional procedures such as catheterization 
from the left jugular vein or the left subclavian vein and 
PTA for left subclavian venous stenosis. Although it is 
rare to perform endovascular stent placement for a left 
subclavian venous stenosis or occlusion in patients with 
a PLSVC, the pull-through technique between the left 
internal jugular vein and access vein may be safe and 
effective. 
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Patient with a Massive Idiopathic Thrombosis in the 


Inferior Vena Cava 
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A 50 year-old man with no significant medical history was admitted for dyspnea and left femoral swell- 
ing. Contrast-enhanced computed tomography revealed pulmonary thromboembolism (PTE) and a 
thrombus in the inferior vena cava (IVC). The thrombus extended from the proximal IVC to the left 
popliteal vein. Therefore, we decided that an IVC filter insertion was difficult to indicate. Urgent IVC 
and peripheral vein thrombectomy was performed under cardiopulmonary bypass. On postoperative 
day 1, venous ultrasonography showed residual deep vein thrombosis in the left external iliac—-femoral 
vein and the popliteal vein. The IVC filter insertion was performed to prevent the recurrence of PTE. 


Keywords: ivc thrombus, ive filter, deep vein thrombosis 


INTRODUCTION 


eep vein thrombosis (DVT) is a common condition. 

However. pulmonary thromboembolism (PTE) 
secondary to DVT is still high mortality. The first-line 
treatment for DVT is anticoagulation therapy, although, 
the safety and efficacy of inferior vena cava (IVC) filters 
are remarkable. IVC filters are commonly used to prevent 
PTE. However, it is not enough to investigate the indica- 
tions for the use of IVC filters in DVT patients. Several 
reports have described IVC thrombus secondary to renal 
tumor or trauma. Idiopathic IVC thrombosis is very rare, 
and there is no established treatment procedure for it. In 
our case, multiplanar reconstruction images revealed a 
massive IVC thrombus extending from the proximal IVC 
to the left popliteal vein. Insertion of an IVC filter might 
have crushed the IVC thrombus and provoked a fatal PTE; 
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therefore, we performed thrombectomy under cardiopul- 
monary bypass. The length of the excised thrombus was 
60 cm. After thrombectomy, venous ultrasonography was 
performed, and it showed residual floating DVT. The 
patient had a high risk of recurrent pulmonary embolism. 
Therefore, we inserted OptEase® filter (Cordis Corpora- 
tion, USA, NJ), after confirming the removal of the [VC 
thrombus by using venography. To our knowledge, there 
are no reports on cases of such a massive IVC thrombus 
in the literature. The careful examination, for example, 
contrast-enhanced computed tomography (CT) is essen- 
tial before IVC filter insertion, whether the patients have 
complications. 


CASE REPORT 


A 50 year-old man with no significant medical history 
was admitted for dyspnea and left femoral swelling and 
pain. He took notice on the 2 days before admission. He 
had a smoking habit (20 cigarettes per day) and was not 
obese. His vital signs were as follows: blood pressure, 
122/86 mmHg; heart rate, 74/minute; and oxygen satura- 
tion, 92% (room air). Results of laboratory tests showed 
that levels of fibrin degradation products (160-320 ug/mL) 
and D-dimer (8—16 pg/mL) were high. However, levels of 
protein C, protein S, and anti-phospholipid antibodies were 
within normal limits. Venous ultrasonography revealed a 
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Fig. 1 Coronal multiplanar volume reformation image showed 
almost complete occlusion of the inferior vena cava (IVC) 
distal to the renal vein by the IVC thrombus. The arrow 
indicates the proximal end of the IVC thrombus. 


thrombus extending from the left femoral vein to the pop- 
liteal vein and venous occlusion. Contrast-enhanced CT 
revealed a thrombus in the right pulmonary artery and 
basal segmental branches. Furthermore, multiplanar re- 
constructien images revealed an IVC thrombus extending 
from the proximal part of the IVC and the renal vein junc- 
tion to the left popliteal vein (Fig. 1). Because the insertion 
of an IVC filter might crush the huge IVC thrombus and 
provoke a fatal PTE, we decided to immediately perform 
a thrombectomy by using a Fogarty catheter under cardio- 
pulmonary bypass. Drainage cannulas were inserted su- 
perior vena cava and upper IVC via lower right atrium 
(above hepatic vein). The 7 Fr Fogarty catheter was inserted 
from the left femoral vein towards the IVC. We also per- 
formed peripheral vein thrombectomy. An enormous 
thrombus (length, approximately 60 cm) was extracted by 
performing a Fogarty thrombectomy (Fig. 2). After the 
IVC thrombectomy, no thrombus was detected in the right 
atrium or m venous blood coming from the IVC. 

Venous ultrasonography performed on postoperative 
day | showed a residual thrombus extending from the 
left external iliac vein to the popliteal vein. The possibil- 
ity of the recurrence of PTE was high; therefore, we in- 
serted the OptEase* filter (Cordis Corporation, USA, 
NJ). Before inserting the IVC filter, we confirmed the 
removal of the IVC thrombus by using venography via 
the right femoral vein. Further, anticoagulation therapy 
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Fig. 2 Inferior vena cava (IVC) thrombectomy specimen. The 
left portion is the thrombus from the proximal IVC. The 
right-most portion was extracted from the left femoral 
vein. 


with warfarin was started. CT performed before the 
patient’s discharge from the hospital showed I VC shrink- 
age and entire removal of the IVC thrombus. However, 
a residual thrombus extending from the left common 
iliac vein to the left popliteal vein was detected despite 
anticoagulation therapy. The patient made satisfactory 
progress and was discharged on postoperative day 21. 


DISCUSSION AND CONCLUSION 


Cases of PTE caused by DVT are sometimes encoun- 
tered in the emergency room. Hirst et al. reported that the 
prevalence of PTE was lower in Japanese (0.7%) than in 
North Americans (15%).') Several reports have stated that 
the proportion of idiopathic venous thromboembolism 
ranged from 26% to 47%. *) Our patient showed no 
complication, malignancy, trauma, or abnormal clotting 
and had not undergone any prior surgery. IVC thrombosis 
commonly occurs in patients with renal tumor or trauma. 
In this case, the thrombus was 60 cm in length. It is the 
longest IVC ever reported. At first, we intended to insert 
an IVC filter to prevent the recurrence of PTE because 
the patient showed no complications and the symptom 
progressed quickly. Venous ultrasonography could not 
provide images of the more proximal part of the common 
iliac vein and IVC. However, enhanced CT images re- 
vealed a massive IVC thrombus. The insertion of an IVC 
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filter without detection of a massive IVC thrombus may 
have resulted in the crushing of the IVC thrombus and 
development of a lethal PTE. IVC thrombosis with DVT 
is rare, especially in patients without complications. 
However, for the patients’ safety, a detailed examination 
by using techniques such as enhanced CT, venous ultra- 
sonography, or venography is required to check the extent 
of DVT before IVC filter insertion. Usually, venous ul- 
trasonography is most suitable modality to evaluate the 
extent of DVT. However, venous ultrasonography is 
difficult to detect the extent of IVC thrombus, because 
IVC is in the abdominal cavity. Therefore, in this case 
the enhanced CT is most effective to evaluate DVT in- 
cluding IVC thrombus. 

Thrombectomy was performed under cardiopulmo- 
nary bypass. There have been cases in which the IVC 
filter was inserted in the more proximal part of the renal 
vein. In this case, thrombectomy was performed under 
cardiopulmonary bypass since IVC filter insertion was 
difficult to be indicated. Our decision was based on the 
following reasons: 

(1) The multiplanar reconstruction images showed that 
the thrombus extended to the proximal IVC. 

(2) The CT images suggested that this thrombus was 
unusually massive. 

(3) Progression of the thrombus indicated a high pos- 
sibility of occlusion of the IVC filter. 

(4) Thrombectomy under cardiopulmonary bypass 
could have eliminated the possibility of secondary PTE 
during the operation. 

There is a debate on the indication for IVC filter inser- 
tion. Becker et al. reviewed whether the risk associated 
with filter placement for the prevention of recurrent PTE 
is justified in cases in which anticoagulation therapy is 
contraindicated or fails. Previous reports have described 
the following complications of IVC filter insertion: filter 
migration, insertion-site DVT, erosion or perforation of 
the filter into the IVC wall, and IVC obstruction and lower 
extremity venous insufficiency. However, Decousus et 
al. showed that the use of a permanent filter for patients 
with proximal DVT reduced the occurrence of symptom- 
atic or asymptomatic PTE without major complications. 
In addition, they also showed that IVC filters had no effect 
on mortality.’ Therefore, the use of IVC filters increased 
because IVC filter insertion was easy and reduced com- 
plications by technical improvement.®”) Chung et al. 
reported that IVC filter insertion was a safe and effective 
method for preventing PTE.® Chiou et al. have discussed 
the use of IVC filters as a prophylactic treatment for 
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proximal free-floating thrombi.” The incidence of pul- 
monary embolism has been reported to be 60% in patients 
who show free-floating parts of an iliofemoral thrombus 
even after receiving anticoagulation therapy.’ In this 
case, we inserted an IVC filter on the first day after the 
thrombectomy: because venous ultrasonography showed 
a mobile residual thrombus in the left external iliac vein. 
Despite adequate anticoagulant therapy, the CT images 
taken before the patient’s discharge confirmed the pres- 
ence of DVT extending from the left common iliac vein 
to the popliteal vein; however, the IVC thrombus was 
completely removed. We do not recommend the system- 
atic use of IVC filters for all DVT patients. However, in 
very high-risk patients, an IVC filter must be inserted to 
prevent lethal PTE. The findings of this case suggest that 
physicians should carefully evaluate the risks and ben- 
efits of inserting an IVC filter in each patient. 
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INTRODUCTION 


ype 2 endoleak is the most common complication fol- 

lowing endovascular aortic aneurysm repair (EVAR) 
in patients with abdominal aortic aneurysm (AAA). 
Although many type 2 endoleaks resolve spontaneously 
within a few months, the persistent type is sometimes 
associated with expansion of the aneurysm sac that leads 
to rupture; and thereby, requires secondary intervention. 
This study presents a case of ischemic colitis as a com- 
plication following transarterial embolization for type 2 
endoleak following EVAR. 
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Ischemic Colitis Following Transarterial Embolization for 
Type 2 Endoleak of EVAR: Report of a Case 


Toshiro Ito, MD, PhD,' Yoshihiko Kurimoto, MD, PhD,? Nobuyoshi Kawaharada, MD, PhD,! 
Tetsuya Koyanagi, MD,! Toshiyuki Maeda, MD,! Yohsuke Yanase, MD,! Junji Nakazawa, MD, 
Naoki Hirokawa, MD, PhD,’ and Tetsuya Higami, MD, PhD! 


A 71 year old man was diagnosed to have enlargement of abdominal aortic aneurysm due to type 2 
endoleak two years after endovascular aneurysm repair (EVAR). 3D-CT demonstrated a type 2 endoleak 
that originated from the superior mesenteric artery that fed the inferior mesenteric artery and the right 
iliolumbar artery that flowed into the 4th lumbar artery. Transarterial embolization was performed by 
means of N-butyl-2-cyanoacrylate (NBCA). After the treatment, he suffered ischemic colitis that extended 
from the sigmoid colon to the descending colon. Conservative treatment was mainly performed, and 
clinical improvement was observed over time. He was discharged after 73 postoperative days. 


Keywords: type 2 endoleak, transarterial embolization, ischemic colitis 


CASE REPORT 


A 71 year-old man presented with a 50-mm AAA 
confirmed by computed tomegraphy (CT). Because of 
his previous history of multiple laparotomies, includ- 
ing total gastrectomy for gastric cancer, open drainage 
for acute pancreatic necrosis, and partial colectomy for 
colon cancer, EVAR with a Zenith® endovascular graft 
was performed in our university hospital. Although the 
postoperative course was uneventful, type 2 endoleak was 
demonstrated in the contrast CT scan at | week postopera- 
tive. He was discharged and subsequently followed up at 
our out-patient clinic. The contrast CT scan at 6 months 
after the procedure showed that type 2 endoleak persisted. 
However, the size of the aneurysm sac did not change: 
hence, we opted for watchful waiting of the endoleak. 
Two years after the procedure, the periodic contrast CT 
scan revealed expansion of the aneurysm sac at 11 mm 
with persistent type 2 endoleak (Fig. 1A). The 3D-CT 
also demonstrated that the type 2 endoleak originated 
from two channels; first from the superior mesenteric 
artery that fed the inferior mesenteric artery (IMA) 
(Fig. 1B) and the other one from the right iliolumbar 
artery that flowed into the 4th lumbar artery (Fig. 1C). 
The expansion of the aneurysm sac was caused by the 
type 2 endoleak. He was admitted to undergo transarterial 
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Fig. 1 Contrast CT scan at two years after EVAR: 11-mm expansion of the aneurysm sac with the persistent type 2 en- 
doleak (A). 3D-CT of type 2 endoleak originating from two channels; first, from the superior mesenteric artery 
that fed the IMA (B) and the other, from the right iliolumbar artery that flowed into the 4th lumbar artery (C). 


embolization for type 2 endoleak. 

Angiography was performed via the left femoral 
artery. Right hypogastric angiography demonstrated 
enhancement of the aneurysm sac from the iliolumbar 
artery (Fig. 2A). Since the blood flow to the aneurysm 
sac from the right iliolumbar artery was predominant, 
insertion of a 2 Fr. microcatheter was tried to follow the 
path of this collateral into the aneurysm sac in order to 
perform coil embolization of the endoleak cavity but was 
not successful. Therefore, 0.3 mL of N-butyl-2-cyanoac- 
rylate (NBCA) was injected with 1.2 mL of ethyl ester of 
iodinated poppy-seed oil fatty acid at the ostium of the 
right iliolumbar artery, in which fluoroscopy revealed 
filling of the endoleak cavity from the iliolumbar artery 
(Fig. 2B). Postoperative enhanced CT demonstrated the 
disappearance of the endoleak. 

During the postoperative period, he complained of 
abdominal pain and diarrhea. Ileus and bloody stool were 
noted on the fifth postoperative day. Endoscopy demon- 
strated severe edema and inflammation of the mucosa, 
which extended from the sigmoid colon to the descend- 
ing colon, with contact bleeding and ulceration (Fig. 3). 
Because endoscopy confirmed ischemic colitis, he was 
placed on bowel rest and intravenous fluid supply was 
started. On the 34th postoperative day, endoscopy dem- 
onstrated healed ulceration but stenosis on the descending 


Annals of Vascular Diseases Vol.5, No.1 (2012) 


colon, which was the previous site of partial colectomy for 
colon cancer. He underwent endoscopic bougie dilatation 
of the stenotic descending colon. Clinical improvement 
was observed over time and he was discharged after 73 
postoperative days. 


DISCUSSION 


Type 2 endoleak is the most common complication 
encountered following EVAR. It occurs in about 20% 
of patients after EVAR. A persistent type 2 endoleak 
is associated with an increased incidence of adverse 
outcomes, including aneurysm sac growth, need for re- 
intervention or conversion to open repair, and rupture.” 
Type 2 endoleak occurs when there is retrograde blood 
flow into the aneurysm sac via excluded aortic branches, 
most commonly the IMA ora lumbar artery. In this case, 
two channels were identified on preoperative 3D-CT; one 
from the superior mesenteric artery that fed the IMA 
and another from the right iliolumbar artery that flowed 
into the 4th lumbar artery. It was unclear which channel 
supplied the blood flow into the endoleak cavity. How- 
ever, contrast flowed into the IMA via the aneurysm sac 
by hypogastric angiography, which demonstrated both 
channels served as collaterals that supply blood to the 
IMA. Therefore, it was considered that embolization of 
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Fig.2 Right hypogastric angiography of the enhancement of the aneurysm sac from the iliolumbar 
artery (A). Fluoroscopy of the full spreading of NBCA administered with ethyl ester of iodin- 
ated poppy-seed oil fatty acid through the iliolumbar artery into the endoleak cavity (B). 





Fig. 3 Endoscopy of severe inflammation of the mucosa, extend- 
ing from the sigmoid colon to the descending colon, with 
contact bleeding and ulceration. 


the iliolumbar artery contributed to the insufficient blood 
supply to the IMA and resulted in ischemic colitis. 
Several treatments for type 2 endoleak were reported 
in the previous literature. Although surgical or laparo- 
scopic ligation?) and translumbar embolization*~°) are 
included, transarterial chemical or coil embolization 
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seems to be the standard option’ !”) because the treatment 
is less invasive. The clinical success rate of transarterial 
embolization varies. For instance, Baum et al. reported 
eight patients who underwent successful treatment with 
transarterial IMA embolization.*) Although no residual 
endoleaks were detected on the 30-day postemboliza- 
tion CT scan, seven (87.5%) of these eight patients had 
recurrent type 2 endoleak.*) On the other hand, Haulon 
et al. presented 18 patients who underwent transarterial 
embolization with type 2 endoleak: wherein, the aneu- 
rysm sac shrank in 13 (72.2%) of 18 during follow-up 
periods and a new type 2 emdoleak was diagnosed in 
only two (11.1%) patients.') The difference between these 
two clinical success rates of transarterial embolization 
depends on target vessels. Therefore, in Haulon’s study, 
the injection of biologic glue led to embolization of the 
endoleak cavity, which connected the feeding vessels and 
drainage vessels. Meanwhile, coil embolization of the 
IMA in Baum’s study targeted only one of the feeding 
vessels. These results indicate that single vessel arterial 
embolization is ineffective because type 2 endoleak is a 
dynamic structure that resembles an arteriovenous mal- 
formation being fed by multiple vessels and the embolized 
vessels can be replaced by another one. In order to suc- 
ceed the treatment, embolization of the endoleak cavity 
in addition to the feeding artery is effective.!) 
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Biologic glue can easily occlude not only the feeding 
vessels but also the endoleak cavity itself. Liquid em- 
bolic agents similar to biologic glue are also available 
especially in case a microcatheter cannot pass through 
the collateral into the endoleak cavity. The intraoperative 
fluoroscopy showed that NBCA instilled from the ostium 
of the iliolumbar artery selectively filled the endoleak 
cavity in this case. NBCA 0.3 mL mixed with 1.2 mL 
of ethyl ester of iodinated poppy-seed oil fatty acid (1:4 
concentration) was prepared. NBCA can easily control 
the coagulation time by adjustment of mixture ratio 
with ethyl ester of iodinated poppy-seed oil fatty acid. 
However, the injection of liquid embolic agent could lead 
to microembolization in the periphery of IMA and/or in 
the collaterals supplying blood flow to the colon. Bush et 
al. reported colonic necrosis subsequent to transarterial 
thrombin embolization for type 2 endoleak.'!? On the 
other hand, Gambaro et al. presented ischemic colitis 
following translumbar thrombin injection for treatment 
of type 2 endoleak.!® These literatures indicate that 
neither transarterial nor translumbar injection of liquid 
embolic agent for the treatment of type 2 endoleak can 
avoid the risk of ischemic colitis from microemboliza- 
tion. When the microcatheter could not go through the 
collateral from the iliolumbar artery into the aneurysm 
sac in this case, NBCA injection was then performed at 
the ostium of iliolumbar artery. However, considering 
the risk of microembolization into the IMA following 
the large volume of NBCA injection from the ostium 
of iliolumbar artery, coil embolization of the endoleak 
cavity through another channel connecting the superior 
mesenteric artery and IMA should have been performed. 
Although translumbar coil embolization of the endoleak 
cavity is an alternative treatment for type 2 endoleak in 
case transarterial embolization cannot succeed, it is still 
challenging. It is true that NBCA for embolization is 
convenient and cost-effective, but its use requires careful 
titration in order to prevent complications. 


CONCLUSIONS 


In conclusion, this study presents a case of ischemic 
colitis as.a complication following transarterial emboli- 
zation for a type 2 endoleak of EVAR. Type 2 endoleak 
sometimes play an important role in supplying blood to 
the visceral organs and the treatment for type 2 endoleak 
potentially has a risk of organ ischemia. 
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Late-Onset Primary Intestinal Lymphangiectasia 
Successfully Managed with Octreotide: A Case Report 


Kotaro Suehiro, MD, Noriyasu Morikage, MD, Masanori Murakami, MD, Osamu Yamashita, MD, and 


Kimikazu Hamano, MD 


We report a case of a patient with late-onset primary lymphangiectasia whose-persistent diarrhoea was 
successfully managed with octreotide. A 63 year-old man visited our clinic witha complaint of worsening 
general edema. Gastrointestinal endoscopy revealed typical whitish jejunal villi;which suggested primary 
intestinal lymphangiectasia. Despite a diet, supplemented with medium-chain triglycerides; antiplasmin 
therapy; oral corticosteroids; and surgery, including pericardial window and lymphaticovenous 
anastomoses; his symptoms, including watery diarrhoea, showed no improvement. After administration 
of octreotide, his persistent diarrhoea resolved within a couple of days. Octrestide was continued for 2 
months. Thereafter, his diarrhoea has not recurred for 6 months. 


Keywords: intestinal lymphangiectasia, octreotide, protein-losing enteropathy 


INTRODUCTION 


rimary intestinal lymphangiectasia (PIL), first 

described by Waldmann et al. in 1961, is a rare 
disorder characterized by dilated intestinal lacteals that 
cause leakage of the lymph into the small bowel lumen, 
which results in protein-losing enteropathy (PLE).” Most 
patients are diagnosed with PIL in childhood. Clinical 
presentation of the disease includes general edema, 
diarrhea, and symptoms associated with PLE and mal- 
absorption syndrome. We report a case of a patient who 
presented with PIL for the first time at the age of 60 years, 
and persistent diarrhea of the patient was dramatically 
improved with octreotide. 
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CASE REPORT 


A 63 year old man was ref2rred to our clinic because 
of progressive, general edera and a recent increase in 
body weight by 5 kg. He reported swelling that he had 
noticed for the first time in the upper extremities, in the 
face within 3 years from the onset, and subsequently in 
the lower extremities. Physicel examination revealed pit- 
ting edema of the arms and legs, as well as of the face. No 
remarkable edema was seen ina the body trunk during his 
first visit. Consultations with physicians did not indicate 
particular problems in the cardiac, renal, and hepatic 
function and neither in thyrotd function. He had surgery 
for bilateral hydrocele testis at 40 years of age; otherwise, 
his medical and family histones were unremarkable. 

Laboratory tests revealed the following values (nor- 
mal values in parentheses): serum total protein, 5.3 g/dL 
(6.8-8.3 g/dL) and albumin, 3.0 mg/dL (3:7-4.7 mg/dL). 
Immunoglobulin G (IgG) concentration, 741.0 mg/dL 
(870-1700 mg/dL), depleted while maintaining IgA 
151.0 mg/dL (110—410 mg/dL) and IgM 39.9 mg/dL 
(33-190 mg/dL) in the normal range. Lymphocytopenia 
22.7% (30.0—46.0%) and hypocalcemia 2.20 mmol/L 
(2.30-2.65 mmol/L) were als> observed. Lymphangios- 
cintigraphy (LAS) in the extremities showed the absence 
of lymph trunks and inguinal and axillary nodes, with 
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Fig. 1 Gastrointestinal endoscopy (Duodenum). A 
Before treatment with octreotide, tiny scattered =—— 
white spots, ie, whitish jejunal villi, indicating B 


dilated lymphatics filled with fat droplets were 
seen on the entire duodenal wall. (A) Whitish 
jejunal villi markedly reduced even 6 months after 
discontinuation of octreotide. (B) 


significant accumulation of contrast medium in distal 
extremities. Since his skin condition was preserved, it 
seemed that he had a complication of grade I primary 
lymphedema in the upper and the lower extremities. 
Chest radiograph, computed tomography (CT) scan, 
and echocardiography showed pericardial and bilateral 
pleural effusion but few ascites. Magnetic resonance 
lymphography showed a patent thoracic duct and no 
dilatation of the cisterna chyli. No remarkable dilatation 
was found in the intraabdominal and retroperitoneal lym- 
phatics. Gastrointestinal endoscopy and capsule endos- 
copy revealed typical whitish jejunal villi and intestinal 
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edema (Fig. 1A). ?’?™Tc-labeled human serum albumin 
°™Tc—HAS) scintigraphy showed patchy leak of albumin 
in the duodenum and the entire small intestine (Fig. 2). 
Biopsies from the duodenal wall did not show a typical 
picture of dilated lymphatics in the lamina propria,” but 
instead showed mildly dilated lymphatics in the deeper 
layer. Since no other underlying diseases, including in- 
flammatory bowel disease, infection, celiac disease, etc., 
were found in the gastrointestinal system of the patient, 
his condition was diagnosed as PLE due to PIL associated 
with primary lymphedema in the extremities. 

A low-fat diet with supplementary medium-chain 
triglycerides (MCT), diuretics, and complex physical 
therapy for lymphedema were immediately initiated at the 
outpatient clinic. Although the serum albumin level had 
been maintained around 3.0 g/dL or higher, the patient had 
iron-deficiency anemia and worsening lymphocytopenia 
and hypocalcemia. At around 6 months from his first visit, 
he complained of watery diarrhea 5 to 8 times/day, as well 
as increasing shortness of breath, which was caused by 
increasing pleural and pericardial effusion. His symptoms 
did not improve despite an increase in doses of diuretics 
and antiplasmin therapy (tranexamic acid | g, 3 times/day) 
followed by the administration of oral corticosteroids 
(prednisolone, 5 mg/day). 

After a year of treatment at the outpatient clinic with 
no improvement in his condition, the patient was even- 
tually admitted and kept on complete, total parenteral 
nutrition (TPN). Following cessation of oral intake, his 
watery diarrhea had stopped. We performed the video- 
assisted, thoracoscopic pericardial window procedure, for 
the reduction of right atrial pressure and microsurgical 
lymphaticovenous anastomoses in both groins, and we 
had expected that these procedures would have favor- 
able effects on overall lymphatic drainage. Both pleural 
and pericardial effusions were serous and not chylous in 
nature. The inguinal lymphatics were dilated and filled 
with clear lymph, but not chyle. On postoperative day 5, 
namely after 12 days of TPN, light meal was re-started 
and then watery diarrhea recurred immediately. Finally. 
on post-operative day 8, administration of 100 ug of 
subcutaneous octreotide twice daily was initiated. From 
the next day, his diarrhea gradually disappeared, and 
eventually, he had normal bowel movements over a couple 
of days. Subsequently, octreotide was administered as a 
slow-release formulation (Sandostatin LAR” 20 mg), and 
he was discharged on postoperative day 17. Slow-release 
octreotide was injected once every 4 weeks at the outpa- 
tient clinic. After 3 injections, however, the patient was 
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Fig.2  ’’™Tc-labeled human serum albumin scintigraphy. 
Multiple and patchy leakage of albumin (seen as red spots) 
is scattered in the entire length of the duodenum and the 
small intestine. 


unable to afford it, and the injection was discontinued. 

At 8 months from discharge, 6 months after the dis- 
continuation of slow-release octreotide, the patient has not 
experienced watery diarrhea, and recent gastrointestinal 
endoscopy showed reduced whitish jejunal villi in the 
duodenum (Fig. 1B), but mild hypoalbuminemia (3.3 g/dL) 
causing edema continues to persist. 


DISCUSSION 


Since PIL can be asymptomatic, the exact prevalence 
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of this disease, as well as its cause and pathogenesis, 
remain to be clarified.^® PIL is usually diagnosed before 
3 years of age, but may be diagnosed in adults. However, 
late presentation such as 60 years of age or older, similar 
to that in our patient, is very rare. Primary lymphedema in 
the extremities can be associated with PIL as in the case of 
our patient. The diarrhea in this patient started 6 months 
after his first visit. At the time of the first gastrointestinal 
endoscopy, however, intestinal edema had already been 
observed. Therefore, we speculate that inflammation and 
edema progressed and eventually, they caused watery 
diarrhea, which further worsened these symptoms. 

Currently, treatment options for PIL are limited, and 
a definite treatment option remains to be established.” 
Diet supplemented with MCT is an essential component 
and should be continued throughout the life of the patient. 
Although antiplasmin therapy using tranexamic acid is 
effective in some patients, it was not effective in our pa- 
tient. Higher doses of corticosteroids may be prescribed 
for PLE with underlying inflammatory or autoimmune 
diseases, but the efficacy of corticosteroids for PIL is 
uncertain. Since PIL can develop into uncontrollable 
intestinal bleeding or ileus which may require emergent 
small bowel resection in the later course of the disease,”? 
treatment with high-dose steroid was reserved as a last 
resort in our patient. Although small bowel resection 
may be effective, it is indicated only in cases of patients 
with localized PIL, and thus, it was not performed in our 
patient. Indication of lymphaticovenous anastomoses 
for this patient may be controversial. Although it was 
not described, there was one episode of cellulitis before 
admission, possibly due to lymphatic congestion. He had 
not experienced cellulitis since surgery; however, this 
might have been the result of an overall improvement in 
lymphatic drainage by the reduction of right atrial pres- 
sure in the pericardial window procedure. 

Octreotide, a somatostatin analogue, has been shown 
to alleviate various types of diarrhea. Although little is 
known about the mechanism of action of somatostatin, 
particularly in the treatment of PIL, inhibition of gastroin- 
testinal vasoactive peptides, stimulation of the autonomic 


©) and reduction in intestinal absorption 


nervous system, 
of fats are the proposed mechanisms of action.”*) Sari et 
al. studied the long-term safety of octreotide in 6 patients 
for up to 37 months.” One patient had pancreatitis, but no 
other adverse effects were observed in the other patients. 

The cost of continuing octreotide, which is not covered 
by insurance, is a serious problem in our country. Since 


hypoalbuminemia and general edema in our patient did 
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not show sufficient improvement, we proposed to increase 
the doses of octreotide. However, the patient declined 
treatment for financial reasons. Sandostatin LAR® 
20 mg costs \ 237000, which is certainly not affordable 
for ordinary people every 4 weeks. Our results show 
that octreotide can exhibit favorable effects for up to 6 
months along with pathological improvement. Kuroiwa 
et al. reported that discontinuing octreotide resulted in 
recurrence of symptoms, which could be improved by 
re-starting octreotide! Therefore, although the regular 
administration is desirable, the short-term use of octreo- 
tide may be considered depending on the symptoms. 


CONCLUSION 

We reported the case of a patient with PIL causing 
PLE successfully treated with octreotide. Although it 
is not curative, octreotide seemed particularly useful in 


controlling diarrhea in our patient. 
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Hepatic Artery Pseudoaneurysm with Extrahepatic Biliary 


Obstruction 


Manabu Shiraishi, MD, Masaya Takahashi, MD, PhD, Atsushi Yamaguchi, MD, PhD, and 


Hideo Adachi, MD, PhD 


Hepatic artery pseudoaneurysms are a rare complication of chronic pancreatitis. However, giant 


pseudoaneurysms (80 mm) and complicated biliary obstructions are extremely rare. This article reports 


a 75 year-old man with chronic pancreatitis that presented as upper abdominal pain and obstructive 


jaundice. Computed tomography revealed a hepatic artery pseudoaneurysm measuring 80 x 72 x 70 mm. 


We performed aneurysm resection and common hepatic artery bypass, using a great saphenous vein graft 


in the patient. The postoperative course was uneventful, and he was discharged on the 10th postoperative 


day. However, on the 135th postoperative day, he died of massive hemorrhage into the peritoneal cavity. 


Keywords: visceral artery, hepatic artery, pseudoaneurysm 


INTRODUCTION 


isceral artery aneurysms are rare but potentially 

life-threatening. Pseudoaneurysms that occur as a 
consequence of chronic pancreatitis are associated with 
significant morbidity and mortality because of potential 
bleeding. Major hemorrhage is a rare but lethal complica- 
tion of pancreatitis. Rupture may present as either fatal 
bleeding into a pseudocyst, the peritoneal cavity, or the 
retroperitoneum, or erosion into the stomach, pancreatic 
duct, or bile ducts.':?) Pseudoaneurysm in conjunction 
with chromic pancreatitis often occurs in association 
with the splenic artery. Hepatic artery aneurysms are 
comparatively rare. Traditional therapy has been surgical 
resection or ligation or endovascular embolization. These 
treatment eptions depend on the presentation of the pa- 
tient and location of the aneurysm.*) We herein describe 
a case of a giant pseudoaneurysm of the common hepatic 
artery in a patient who presented with abdominal pain 
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and extrahepatic biliary obstruction without bleeding. 
Case REPORT 


The patient was a 75 year-old man who was an alco- 
holic and former smoker. He had a 2 year history of long- 
standing epigastric pain. Chronic pancreatitis had been 
previously detected and was controlled. There was no 
history of open surgery. Abdominal examination results 
showed a pulsating palpable mass, and blood examina- 
tion results revealed significantly elevated serum total 
bilirubin (1.89 mg/dl), serum direct bilirubin (1.27 mg/dl), 
aspartate aminotransferase (305 mU/ml), alanine amino- 
transferase (207 mU/ml), alkaline phosphatase (693 mU/ml), 
and gamma-guanosine triphosphate (291 mU/ml). He 
was subsequently diagnosed with arterial aneurysm and 
obstructive jaundice without symptoms of icterus. The 
patient was admitted to our center and underwent further 
evaluation. 

The patient was initially evaluated elsewhere with 
abdominal ultrasonography, which revealed distention 
of the intrahepatic bile duct, stenosis of the lower part 
of the common bile duct. and an aneurysm (80 x 72 x 
70 mm) contiguous with the celiac artery. We performed 
computed tomography (CT) with intravenous contrast 
to assess the nature of the mass. The scan revealed a 
heterogeneous 80 x 72 x 70-mm mass involving the 
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head of the pancreas (Fig. la) and features of chronic 
pancreatitis with multiple foci of calcifications in the 
pancreatic duct and parenchyma involving the body and 
tail. The pancreatic duct was dilated. However, the stage 
of chronic pancreatitis was not clear, the inflammation of 
the pancreas had not been active, and exacerbation of the 
pancreatitis was not detected in CT. Three-dimensional 
CT (3D-CT) revealed that the aneurysm arose from the 
origin of the common hepatic artery (Fig. 1b). Selective 
arteriography of the celiac trunk revealed the irregular 
lumen of the common hepatic artery filled with an in- 
tramural thrombus (Fig. Ic). The proper hepatic artery 
and right gastric artery arose from the pseudoaneurysm. 
The bifurcation of the gastroduodenal artery was not 
clearly detected on preoperative angiography or CT. The 
pseudoaneurysm was caused by rupture of the common 
hepatic arterial wall. Any other aneurysm was not de- 
tected on the preoperative examinations. Because there 
were no signs of rupture or bleeding, the patient was a 
candidate for elective treatment. The patient fasted and 
did not undergo preoperative reduction for cholestasis. 
The blood chemistry values were moderately improved. 
In addition to the large size of the pseudoaneurysm, which 
placed it at risk for rupture, and the difficult location for 
arterial embolization, the patient had no risk factors for 
surgery. Therefore, it was determined that he would be 
treated surgically. 

The operation was performed through an upper median 
laparotomy. The pseudoaneurysm was densely adhered to 
the stomach and retroperitoneum. The lesser sac was en- 
tered by dividing the gastrocolic omentum. The stomach 
was separated from the pseudoaneurysm and pancreas 
by careful dissection (Fig. 2). Proximal vascular control 
of the common hepatic artery was achieved near its ori- 
gin. Because the outflow artery from the aneurysm was 
densely adhered to the aneurysmal wall, we closed the 
outflow (right gastric artery and proper hepatic artery) 
from the inside of the aneurysm. The inflow and outflow 
vessels were ligated, and the aneurysm was resected. A 
distal and proximal common hepatic artery bypass using 
a great saphenous vein graft was then performed. 

The postoperative period was uneventful, and follow- 
up CT on the 8th postoperative day revealed successful 
anastomosis of the common hepatic artery and vein graft 
(Fig. 3). The blood chemistry values were promptly 
improved to normal levels. The patient was discharged 
on the 10th postoperative day. He visited the hospital for 
treatment once during several months without complica- 
tions. However, on the 135th postoperative day, he was 
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Fig. | 


Hepatic Artery Pseudoaneurysm 


(a) Abdominal contrast-enhanced computed tomography 
showed a pseudoaneurysm measuring 80 x 72 mm on thi 
ventral side of the pancreatic head. (b) Three-dimensiona 

computed tomography showed that the aneurysm arose 
from a branch of the common hepatic artery. (¢) A celiac 
axis angiogram confirmed that the pseudoaneurysm arose 
from the common hepatic artery and showed that the i 

regular lumen of the common hepatic artery was filled 


with the intramural thrombus. 
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Fig. 2 Intraoperative photograph showed the hepatic artery pseu- 


doaneurysm. Solid arrow indicates the pseudoaneurysm. 


transported to our center with cardiopulmonary arrest 


and was confirmed dead. From the autopsy, the cause of 


death was assumed to be massive hemorrhage into the 
peritoneal cavity from the artery around the head of the 
pancreas. Any other aneurysm was not newly detected. 
There were no problems associated with the common 
hepatic artery bypass site. 


DISCUSSION 


Visceral artery pseudoaneurysms are uncommon. 
They usually develop secondary to pancreatic disease, 
with incidence ranging between 10% and 17% in patients 
with chronic pancreatitis. They have been reported as a 
late complication, occurring an average of 2 to 3 years 
after the first episode of pancreatitis, after repeated acute 
bouts in patients with chronic pancreatitis.+>) The splenic 
artery is the most commonly involved vessel, accounting 
for half of cases of pseudoaneurysms in chronic pan- 
creatitis, particularly because of its anatomic location.°? 
The frequency of hepatic artery pseudoaneurysms due to 


chronic pancreatitis is comparatively uncommon at 2% 
Y0/ 


to 12%." However, since the 1980s, the growing use of 


percutaneous diagnostic and endoscope therapeutic pro- 
cedures on the biliary tract has resulted in an increased 
number of visceral artery pseudoaneurysms, especially 
of the hepatic artery.” 

Rupture of a pseudoaneurysm in the gastrointestinal 
tract is a life-threatening event that is associated with 
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Fig. 3 Follow-up 3-dimensional computed tomography showed 


successful anastomosis. Solid arrow indicates the saphe- 


nous vein graft. 


a mortality rate of approximately 75% to 90%.*°) The 
pathogenesis of hepatic artery pseudoaneurysms is 
not well understood. Pancreatitis, abdominal trauma, 
and iatrogenic causes (e.g., prior abdominal surgery or 
endovascular interventions) Fave been reported as risk 
factors for hepatic artery pseudoaneurysm.!'-*-*) In the 
present case, chronic pancreatitis seemed to play a role 
in weakening the common hepatic artery wall. The 
mechanisms of pseudoaneurysm formation in pancre- 
atitis include inflammation w th enzymatic digestion of 
the pancreatic or peripancreatic artery, visceral artery 
erosion by pseudocysts, and pseudocyst erosion into the 
bowel wall and intramural artery.” 

Most pseudoaneurysms commonly present with 
abdominal pain or gastrointestinal hemorrhage or as a 
pulsatile abdominal mass acccmpanied by bruit.>® As in 
this case, obstructive jaundice s an extremely rare clinical 
symptom of hepatic artery pseudoaneurysm. 

Diagnosis is usually made from CT or transcath- 
eter angiography results. Moreover, 3D-CT has been 
performed recently and is reportedly very useful for 
diagnosis, showing images cf optimal directions and 
being less invasive.'”) In the present case, the location 
of pseudoaneurysm was easily diagnosed by 3D-CT. It 
revealed that the pseudoaneurysm arose from the com- 
mon hepatic artery, and this was confirmed at surgery. 

If a hepatic artery pseudeaneurysm ruptures, the 
patient faces a severely life-tareatening condition that 
requires emergency treatment. However, because of its 
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rarity, no strong consensus exists on the indications for 
treating visceral artery aneurysm. Marone et al. reported 
that >2-cm aneurysms with a rapid growth rate and 
symptoms attributable to aneurysm seem to be associ- 
ated with conditions imposing aggressive treatment.” 
The traditional therapy for visceral artery aneurysms 
has been surgical resection or ligation of the aneurysm. 
Recently, endovascular treatment (coil embolization and 
stent grafting) has been an alternative to open surgical 
repair and has become increasingly popular.) Because of 
the development of imaging techniques and percutaneous 
procedures, there are many reports of successful endo- 
vascular treatment and low morbidity and mortality.!?-6-8 
On the other hand, there is a large study describing the 
management of hepatic artery aneurysm. It showed that 
endovascular treatment carries mortality and success 
rates similar to those of operative strategies.” The most 
frequent complication is the persistent blood flow in the 
pseudoaneurysm, which is usually caused by a proximal 
occlusion without distal closure of the artery, resulting 
in retrograde filling of the pseudoaneurysm through col- 
lateral vessels. It is difficult to completely pack a large 
saccular pseudoaneurysm with coils, leading to persistent 
expansion of the residual sac. Although an endovascular 
approach could represent a valid alternative for high-risk 
patients, surgical treatment remains the standard.”) Open 
surgery was the preferred approach in our case because 
of difficulty in embolization of the cavity, in addition to 
the need for surgical release of the common bile duct ob- 
struction, by the pseudoaneurysm. However, occlusion of 
the common hepatic artery has no clinical consequences 
in the presence of a normally patent portal vein. Aneu- 
rysmectomy and bypass grafting were performed in our 
patient because the portal vein may have been affected 
by the compression of the aneurysmal wall and adhesion 
of postoperative inflammation. 

In the late stage, one of the most important factors to 
consider in follow-up of patients is a recurrence of visceral 
aneurysms. Recurrence of hemorrhage from a pseudoa- 
neurysm secondary to pancreatic inflammation has been 
reported.” In the present case, re-bleeding from arteries 
around the pancreas seemed to be the cause of death. Re- 
bleeding from known pseudoaneurysms and development of 
further vascular abnormalities can occur, mandating careful 
clinical follow-up and repeat angiography as necessary. 
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CONCLUSION 


Hepatic artery pseudoaneurysms with biliary obstruc- 
tion are extremely rare. Pseudoaneurysms are unrelated 
to the severity of pancreatitis, and major hemorrhage can 
occur irrespective of their size. Therefore, aggressive 
treatment should be considered once the diagnosis has 
been made. Endovascular treatment is safe and feasible 
in selected patients but is not suitable for large aneurysms 
with several collaterals. Treatment options should be 
selected based on the presentation of the patient and 
nature of the aneurysm. Regardless of the activity of 
the pancreatitis, visceral pseudoaneurysm may develop. 
We also believe that periodic abdominal imaging (e.g., 
abdominal ultrasonography or abdominal CT) should be 
performed to detect recurrence early. 
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Endovascular Surgery for Inflammatory Abdominal Aortic 
Aneurysm with Contrast Allergy—Usefulness of Carbon 
Dioxide Angiography and Intravascular Ultrasound: 


Haruna Morito, MD, Katsuyuki Hoshina, MD, PhD, Akihiro Hosaka, MD, PhD, Hiroyuki Okamoto, MD, PhD, 


Kunthiro Shigematsu, MD, PhD, and Tetsuro Miyata, MD, PhD 





We report a patient with inflammatory abdominal aortic aneurysm who underwent endovascular 


aneurysm repair, despite his having an allergy to iodinated contrast medium and anatomy unsuitable 





contrast allergy 


INTRODUCTION 


perenne abdominal aortic aneurysms (IAAAs), 
which account for 3%—10% of all abdominal aortic an- 
eurysms (AAAs), are characterized by a thick aneurysmal 
wall with fibrosis and adjacent structure involvement.! -> 
Open surgical treatment of [AAA is inherently accom- 
panied by higher complication and mortality rates be- 
cause of technical problems related to inflammation and 
fibrosis.*) The difficulty of open surgical repair has led to 
consideration of endovascular aneurysm repair (EVAR) 
as the first preferred treatment.*) Recent studies have 
demonstrated that EVAR resulted in less frequent and 
56) Therefore, 
the indication for EVAR has been extended to aneurysms 
unsuitable for open surgery, including IA AAs. 


less severe intra-operative complications. 
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for the procedure. Intravascular ultrasound-guided and CO,-assisted aortic stent graft placement was 
performed, and the procedures resulted in the successful exclusion of the aneurysm with regression of 
the mantle sign and resolution of hydronephrosis. 


Keywords: EVAR (endovascular aneurysm repair), inflammatory abdominal aortic aneurysms, 


However, EVAR also has seme limitations. Anatomi- 
cal suitability for performing this technique must be care- 
fully examined preoperatively. Intraoperatively, iodinated 
contrast medium (ICM) is routinely used for evaluating 
the initial success of the stent graft replacement in spite 
of its nephrotoxicity. Intravascular ultrasound (IVUS) 
and CO, angiography are powerful auxiliary techniques 
and may be an alternative to ICM for patients who have 
progressive renal dysfunction or allergies to ICM. 

We present a patient with an [AAA who underwent 
EVAR, despite his having an CM allergy and anatomy 
unsuitable for the procedure, and demonstrated the use- 
fulness of IVUS and CO, ang ography. 


CASE REPORT 


A 59 year-old male with an infrarenal AAA was 
admitted to our hospital. Four years previously, he was 
diagnosed with a small AAA, which enlarged 10 mm 
in size during these 4 years. The patient complained 
of slight abdominal pain. Vital signs including blood 
pressure, pulse rate, and respiratory rate were stable. 
Laboratory data revealed a C-reactive protein elevation 
of 2.7 mg/dL. His past history included a severe allergic 
reaction to ICM, long-term treatment of valvular disease, 
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Fig. 1 Preoperative examination with plain computed tomography (CT) and magnetic resonance imaging 
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landing 


(MRI). The CT scan revealed thick periaortic tissues (A) and hydronephrosis (white arrow) (B). MRI 


revealed that the shape of aneurysm neck was conical and angulated (C). 


cerebrovascular infarction, and complex regional pain 
syndrome after being struck by electric shock. His cardiac 
function was poor with a left ventricular ejection frac- 
tion of 35%, indicating that the patient was unlikely to 
be a candidate for open aneurysm repair. Plain computed 
tomography disclosed a thick aortic wall and right hydro- 
nephrosis demonstrating a severe inflammatory change 
in the retroperitoneum (Fig. 1A and 1B). The aneurysm 
maximal diameters, including thick surrounding tissues, 
were 64 mm in vertical diameter; and 86 mm, in hori- 
zontal diameter. These findings supported the diagnosis 
of IAAA. We selected endovascular repair, considering 
the patient’s risks and his ardent desire to undergo EVAR 
after he provided informed consent. 

The anatomical suitability of the aneurysm for EVAR 
was examined. The aneurysm had a conical neck, and the 
actual landing area was short, approximately 10 mm in 
length (Fig. 1C). We chose the Zenith Flex® endovascular 
graft (COOK Medical, IN, USA) with a main body diam- 
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eter of 36 mm. We preferred its suprarenal stent hook for 
securing the stable fixation in the short proximal neck. In 
addition, right common iliac artery showed aneurisma! 
change and coil embolization on the hypogastric artery 
was necessary for preventing type 2 endoleak. 

With the patient under general anesthesia, we per- 
formed coil embolization on the right hypogastric 
artery with CO, angiography (30 cc infusion of CO;) 
(Fig. 2A). Location of the right renal artery, size of 
devices, and optimal fixation sites were confirmed by 
high-quality IVUS images (Volcano Visions, PV 8.2F: 
Volcano Japan Inc., Tokyo, Japan). For the precise 
placement, we used a sizing-catheter for the measure- 
ment and IVUS for the detection of the aortic branch 
orifices by marking on the monitor with water paint. 
We could confirm that the stent grafts were accurately 
placed and deployed just below the renal arteries. Ad- 
ditional bilateral leg deployment was performed under 
IVUS guidance and CO, angiography (total CO,, 90 cc). 
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Fig.2 Intraoperative X-ray imaging. CO, angiography provided a sufficiently clear image enough Ää | B | C 


to detect iliac bifurcation for coil embolization (A). X-ray imaging revealed the stent graft 


configuration (B). Completion angiography with CO, angiography revealed no type | en- 


doleaks, however, the image was not sufficiently clear to detect the delayed flow of type 2 


endoleaks (C). 
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EIA: external iliac artery; IIA: internal iliac artery (hypogastric artery); CIA: common iliac 


artery 





Fig. 3 Postoperative CT scans (4 days (A) and | year (B) after the operation) revealed the drastic regression 


of the aneurysm and the improvement of hydronephrosis (white arrows). 


The flow within the grafts was good without stenosis 
(Fig. 2C) or delay. No primary endoleak could be vi- 
sualized by means of the CO, completion angiography 
(Fig. 2C). 

The postoperative course was uneventful. Eighteen 
months after the procedure, the size of the aneurysm 
had decreased from 86 mm to 60 mm (Fig. 3A and 3B). 
In addition, preoperative hydronephrosis resolved with 
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stable renal function (Fig. 3B). 
DISCUSSION 

[AAA is characterized by inflammatory changes in 
the periaortic retroperitoneum, featuring a triad of a 


thickened aneurysm wall, extensive peri-aneurysmal and 
retroperitoneal fibrosis, and dense adhesions of adjacent 
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abdominal organs.'~) Surgical open repair for IAAA 
occasionally requires skilled procedures and results in 
worse perioperative mortality than typical AAA surgery. 
Recently, EVAR has been preferred for JAAA treatment 
over open surgery because of its excellent initial out- 
come.*”) However, controversial problems have remained 
such as the lower regression rate of hydronephrosis in 
Paravastu’s review.” 

Although EVAR has great benefit for high-risk AAA 
patients, the operative selection requires anatomical 
suitability. The presented case had 2 disadvantages for 
EVAR. (1) The aneurysm was anatomically unfit for the 
use of commercially available stent grafts because it 
had a short neck (hostile neck) of only 10 mm in length. 
Aneurysms with a short neck are usually subject to type 
1 endoleaks. (2) The patient was allergic to ICM, which 
meant that ICM could not be used for the intra- and post- 
EVAR evaluation. 

As the proximal type | endoleak is associated with 
a higher risk of late conversion and rupture, it should 
be treated intraoperatively. We have performed intra- 
operative management for the proximal site to treat the 
proximal type 1 endoleak, by applying a noncompliant 
balloon, an aortic cuff, or a Palmaz™ (Cordis, Miami 
Lakes, FL, USA) stent, and achieved good results.” In 
this case, the evaluation of the proximal type 1 endoleak 
might not be sufficient without ICM; thus, we decided to 
substitute IVUS and CO, angiography for ICM. 

CO, is reportedly safe and useful, especially for pa- 
tients with preexisting renal dysfunction, ICM allergy, 
or hyperthyroidism.” Chao et al. revealed that creatinine 
values remained unchanged in patients who underwent 
CO,-directed EVAR. Furthermore, the short-term out- 
comes of patients who underwent CO,-directed EVAR 
with regard to the incidence of late endoleaks, endograft 
revision rate, accompanying complications, and the 
length of hospital stay were equivalent to those of ICM 
with CO,.!% From these findings, CO, as an angiographic 
contrast agent may be recommended to prevent dialysis 
and reduce the risk of contrast nephrotoxicity or aller- 
gic reactions. However, the chemical features of CO,, 
namely buoyancy and affinity for water, result in reduced 
anatomical definition and increased radiation exposure, 
which account for the disadvantages of the EVAR proce- 
dure. The flow of CO, is slower than that of ICM, which 
increased the radiation exposure time. In addition, CO, 
is absorbed in water too rapidly to evaluate the delayed 
backflow toward the aneurysmal sac that is typical of 
type 2 endoleaks. 
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IVUS has been reportedly adopted as an alternative 
method to ICM that allows for high-quality imaging 
for the identification of aortic aneurysm morphology 
and arterial anatomy, which is helpful in determining 
graft size and measuring the distance between aortic 
branches. IVUS can also be used to assess the adequacy 
of graft apposition after deployment.!» In our previous 
study, IVUS successfully reduced the required volume of 
contrast agents used for angiography during EVAR proce- 
dures.! Therefore, IVUS helps in reducing the duration 
and necessity of contrast imaging during endovascular 
reconstruction and facilitates the precise placement of 
stent grafts. In our case, the operative time and radiation 
exposure, both of which are considered disadvantages of 
CO, angiography, could be reduced using accurate, im- 
mediate, and dynamic images obtained by IVUS. IVUS 
and CO, enabled us to visualize the anatomy of the patient 
adequately. Our experience indicates that the combined 
use of IVUS and CO, angiography can provide precise 
endovascular imaging and reduce the risk of ICM related 
complications. 

Tracking postoperative changes of EVAR with plain 
CT and transabdominal ultrasound may not be suffi- 
cient,!5) especially for evaluating endoleaks. Fortunately, 
our case demonstrated a drastic regression in aneurysmal 


diameter, regression of the surrounding tissue of the aorta, 
and resolution of hydronephrosis, which indicated suc- 


cessful exclusion of the aneurysm. 

In conclusion, the combination of CO, angiography 
and IVUS for EVAR is a good alternative for patients 
who are allergic to ICM or those with progressive renal 
dysfunctions. However, simple CO, injection is not suf- 
ficient to evaluate the delayed flow of type 2 endoleaks. 
We were fortunately able to demonstrate the successful 
exclusion of JAAA, which was proven by the improve- 
ment of inflammation and regression of the characteristic 
thick aortic tissue and hydronephrosis. 
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Endovascular Treatment of Ruptured Intercostal Arteriove- 
nous Fistulas Associated with Neurofibromatosis Type 1 


Wakako Fukuda, MD, Satoshi Taniguchi, MD, PhD, and Ikuo Fukuda, MD, PhD 


We report a rare case of ruptured intercostal arteriovenous fistula in a patient with neurofibromatosis type 1. 
The patient presented with severe back pain. Angiography revealed ruptured intercostal arteriovenous 
fistulas. Successful coil embolization to occlude the fistulas and the aneurysm resulted in successful 


recovery of the patient. 


Keywords: neurofibromatosis type 1, intercostal arteriovenous fistula, endovascular treatment 


INTRODUCTION 


N beeping type 1 (NFI) or von Recklinghau- 
sen’s disease is an autosomal dominant disorder 
caused by an abnormality of chromosome 17 and char- 
acterized by multiple skin tumors and abnormal cutane- 
ous pigmentation,!” with incidence of 1 in 2500-3000 
births.» In patients with NF1, vascular abnormalities such 
as occlusion or stenotic disease, aneurysms, arteriovenous 
malformations and arteriovenous fistulas, are known to 
occur.» Because of the complex nature of the lesions, 
treatment options are limited and carry significant risk of 
bleeding. We report the case of a patient with NF1 who 
underwent coil embolization of the ruptured intercostal 
arteriovenous fistulas. 


CASE REPORT 


A 47 year-old man with NF1 presented to our hospital 
complaining of sudden back pain. His past medical his- 
tory was significant for right hemothorax of unknown 
cause 10 years prior to admission. A general examination 
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revealed cutaneous neurofibroma and café-au-lait spots all 
over in his body. A contrast-enhanced thoracic computed 
tomography showed hematoma in the posterior mediasti- 
num and leakage of the contrast material (Fig. 1). Rupture 
of the thoracic aorta was suspected, and an emergency 
angiogram was performed. 

Digital subtraction angiogram (DSA) performed in the 
right transfemoral route revealed aneurysmally dilated 
intercostal arteries at the T9 to T11 level of the right side 
of the descending aorta and extravasation of the contrast 
media. Angiography of the T7, T8, T9, T10 intercostal 
arteries on the right side showed arteriovenous fistulas 
(Fig. 2A) and aneurysm (Fig. 2B). These ultimately 
drained into the azygous veins (Fig. 3A). Angiography 
of the right T11 intercostal artery demonstrated ruptured 
intercostal arteriovenous fistulas and aneurysm (Fig. 3B). 
Retrograde filling of the internal vertebral plexus and 
ascending lumbar veins were also seen. 

Under local anesthesia, using Seldinger technique 
and the right femoral approach, a 5-French long sheath 
(Hanaco Medical, Tokyo, Japan) and a 5-French SHK, Bl 
catheter (Hanaco Medical, Tokyo, Japan) were placed. A 
microcatheter/guidewire (Cook, Bloomington, IN, U.S.) 
was advanced into the 8th to 11th intercostal artery. The 
intercostal arteriovenous fistulas and aneurysms were oc- 
cluded with a total of 48 coils (1 of 30 x 4 mm, 3 of 20 x 
3 mm, | of 40 x 5 mm; Trufill occlusion system, Johnson 
and Johnson, Tokyo, Japan, 11 of 5 x 2 mm, 3 of 6 x 2mm, 
6 of 4 x 2 mm, 5 of 3 x 4mm, 11 of 3 x 5 mm, 6 of 3 x 
2 mm; Cook, Bloomington, IN, U.S., 1 of 6 x 40 mm, and 
| of 5 x 50 mm platinum microcoil; Cook, Bloomington, 
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Fig. 1 A contrast-enhanced thoracic computed tomography 


shows hematoma in the posterior mediastinum and con- 


trast extravasation. 
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Fig.2 Thoracic angiography in early arterial phase reveals arteriovenous fistulas (arrow) 


from the right 7th through 10th intercostal arteries (A). Late phase shows the ruptured 


aneurysm (arrow) (B). 


IN, U.S.). The post-embolization angiogram showed 
successful occlusion of the arteriovenous fistulas (Fig. 3C). 
The post-procedural course was uneventful. The follow- 
up CT on the 8th post-embolization day showed no change 
in size of the hematoma in the posterior mediastinum. 
Rebleeding was not seen, and the patient was discharged 
home in good condition. 
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DISCUSSION 


The incidence of vascular lesion in NF1 has been 
reported to be only 3.6%.°) However, the frequency of 
blood vessel involvement in NFI has been underesti- 
mated, primarily because lesians may be clinically silent 
or may be attributed to other causes once discovered.” 
There has been an increasing awareness of vascular 
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Ruptured Intercostal AV Fistula 


Fig. 3 Late venous phase shows the azygos vein (arrow) (A). Selective angiography in venous 
phase of the right T11 intercostal artery shows the ruptured aneurysm (black arrow). 


White arrow indicates draining vein (B). Thoracic aortography after occlusion of feeders 


with microcoils (arrows) (C) shows no residual filling of feeding arteries (D). 


lesions in patients with NF1, including stenosis, aneu- 
rysms and arteriovenous fistulas.®) Arterial lesions seen in 
NFI may include compression due to an extrinsic adjacent 
tumor, intramural thickening, and saccular or fusiform 
aneurysms due to vascular dysplasia of various types.” 

Only a few cases of NFI associated with ruptured 
intercostal arteriovenous fistula have been reported. 
Massive hemorrhage in patients with NFI is a rare but 
potentially a lethal complication, and the prognosis is 
poor if the patient falls into hypovolemic shock.” Con- 
ventional treatment of intercostal arteriovenous fistulas Is 
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ligation of the feeding artery by open surgery. However. 
surgical treatment in patients with NF1 can be dangerous 
or even impossible because the natural history of this 
disease process is still not completely understood, and 
vascular fragility might exacerbate bleeding. Possible 
causes of bleeding in NF1 patients include bleeding by 
vascularized tumors of mesenchymal origin, such as 
ganglioneuromas or neurofibromas, and bleeding caused 
by rupture of weak medium in large caliber arteries.” 
These arteries are either surrounded by neurofibromatous 
or ganglioneuromatous tissue or have weak walls caused 
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by intimal proliferation, thinning of the muscle layer, 
and fragmentation of the elastic layer, thus making them 
susceptible to aneurysm formation.” 

Endovascular treatment of vertebral arteriovenous 
fistula and hemothorax in NFI has been reported in 
the literature.'*~' Coil embolization is a popular, less 
invasive, and safe method for the control of arterial hem- 
orrhage in cases not requiring preservation of arterial 
flow.™!” In order to find the source of bleeding, the best 
option is to make a radiological exploration, which allows 
the vascular surgeons to evaluate the individual lesions 
meticulously, with special attention to flow patterns. In 
our case, bleeding was due to a rupture of the intercostal 
arteriovenous fistula at T11 level producing posterior 
mediastinal hematoma. Endovascular coil embolization 
was successfully carried out in the management of the 
ruptured intercostal arteriovenous fistulas. Although 
good prognosis of endovascular treatment compared 
with surgery has been reported in the literature, fatal 
rebleeding remains a life-threatening complication. A 
well-developed tortuous vasculature structure in NFI 
patients with vascular lesions can complicate endovas- 
cular treatment.!” 

Percutaneous endovascular embolization of the in- 
tercostal arteriovenous fistula offers a new, radical and 
effective option. It is less invasive and allows precise 
and selective occlusion of only the abnormal vascular 
structures. 

In conclusion, this is a rare case of ruptured intercostal 
arteriovenous fistulas in NF1, which were successfully 
treated with endovascular technique. Endovascular ap- 
proach can be safe and effective in treating a lesion that 
may have otherwise been fatal. 
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of peripheral artery disease (PAD). This condition exacts a 
substantial toll in terms of mortality, morbidity, quality of life 
and healthcare costs. It is also a clinically valuable “window” 
through which to observe the extent of a patient’s systemic ath- 
erosclerosis. As populations age and as the type 2 diabetes epi- 
demic increases, the early detection and timely management of 
PAD is likely to gain considerable importance. This workshop 
builds on the success of the previous Asian PAD Workshops (in 
Jeju, 2009 and Osaka, 2010) in helping to establish the impor- 
tance of early intervention and individualised therapy to achieve 
the best patient outcomes possible. 


> or Santsol 


An Introduction: the Current Situation of 
Asian PAD 


Dr Hiroshi Shigematsu 
(Tokyo, Japan) 


Atherosclerotic arterial disease is a progressive condition 
that causes ischaemic symptoms in various organs. PAD is now 
recognized as a valuable “window” through which to observe 
the extent of a patient’s systemic atherosclerosis. Japan’s aging 
population is set to increase significantly in the next 30 years. 
The number of patients with diabetes in Japan has increased at 
a surprising rate in the last ten years; from 7 million in 1997 to 
9 million in 2007, and more than 20 million when patients with 


' borderline diabetes were included. 


There are a range of factors which contribute to this rapid 
change in PAD profile seen in Asian countries. Changes in life- 
style, for example car use or westernized living style which 
promote a lack of exercise, and improving nutrition all lead to 
increases in the incidence of diabetes mellitus and dyslipidemia. 

Objective assessment of the severity of ischaemia in the 


1954 Fontaine’s classification 
Stage II: Intermittent claudication 
Stage III: Rest pain 
Stage IV: Ulceration, gangrene 
1981 Ad hoc Committee definition of limb-threatening 
ischaemia 
Ankle pressure <40 mmHg with rest pain 
Ankle pressure <60 mmHg with ulcers or gangrene 
1986 SVS and ISCVS recommendation 
Ankle pressure <40 mmHg with rest pain 
Ankle pressure <60 mmHg with ulcers or gangrene 
Toe pressure <30 mmHg 
1989 European Consensus Document 
Rest pain, ulcers, or gangrene with ankle pressure <50 
mmHg or toe pressure <30 mmHg 
1992 Second European Consensus Document 
1997 Revised version of SVS recommendation 
2000 Trans-Atlantic Intersociety Consensus (TASC) 


2007 TASC I 
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Fig. 1 = Overlap in Vascular Disease affecting different territories. 


extremities has been focused on increasingly over the last 
30 years. Decades of progress in classification and consensus 
and cooperation between medical and surgical vascular, cardio- 
vascular, vascular radiology and cardiology societies across the 
world has been undertaken to address this issue, as follows: 
TASC II was published in 2007 with goals to focus on key 
aspects of diagnosis and management, and to update the infor- 
mation based on new publications and the newer guidelines.!”) 


REACH Registry 

Following the TASC I] publication the REduction of Athero- 
thrombosis for Continued Health (REACH), a large-scale inter- 
national observational study of patients with or at risk of ath- 
erothrombosis from 44 countries involving 68,000 patients was 
undertaken.*) The REACH Registry provides an opportunity to 
better understand the prevalence and clinical consequences of 
atherothrombosis in the outpatient setting in a wide range of pa- 
tients from different parts of the world. The primary objective 
of REACH was to explore the impact of both classic and new 
risk factors on the prevalence of cardiovascular (CV) ischaemic 
events among patients with, or at high risk for, atherothrombotic 
disease. Results show there is a range of overlap in disease in the 
three territories of coronary, cerebral and PAD. Of those patients 
identified with symptomatic PAD, 40% had concomitant coro- 
nary disease, 10% had concomitant cerebrovascular disease and 
14% had both (Fig. 1). Thus in PAD, ~65% of patients will have 
clinical evidence of other vascular disease. Results also suggest 
atherothrombotic conditions are more common in PAD patients. 

Atherothrombosis constitutes disruption of the atherosclerotic 


Table 1. 


plaque with superimposed thrombosis and is the common patho- 
physiological mechanism under ying cerebrovascular disease 
(CVD), coronary artery disease CAD) and PAD. The athero- 
sclerotic and thrombotic processes: are interdependent.*) CVD in- 
cludes ischaemic stroke and/or trensient ischaemic attack (TIA), 
CAD includes myocardial infarcton (MI), angina pectoris (sta- 
ble, unstable) and sudden death and PAD includes intermittent 
claudication, critical limb ischaemia, gangrene and necrosis. The 
presence of atherothrombotic risk factors, as outlined in Table 1, 
can increase the risk of events in esymptomatic people. 


AtheroThrombosIS (ATIS) 

ATIS is the most common cause of death in high-income and 
middle-income countries. According to the World Health Orga- 
nization (WHO), in 2004 atheroth-ombosis was the leading cause 
of death worldwide with 22% of all deaths attributed to athero- 
thrombosis.®’ Atherothrombosis significantly shortens life expec- 
tancy; results of the Framingham Heart Study show that males 
aged 60 years with a history of any CVD has life expectancy 
reduced by -7.7 years, history of acute MI by —9.2 years and his- 
tory of stroke by —12.0 years.” Sc PAD patients are at increased 
risk of cardiovascular ischaemic events. Five-year outcomes for 
PAD patients >50 years include the following scenarios: 

e Limb morbidity 70—80% statle claudication, 10-20% wors- 
ening claudication, and 1-2% crit cal limb ischaemia; 

e CV morbidity, 20% monfatal CV event such as MI or stroke; 

e Mortality ~15—30% with 75% from CV causes.” 

When | year CV event rates are considered as a function of 
the number of symptomatic disease locations, the risk of major 
adverse cardiovascular event increases with increased symptom- 
atic arterial bed involvement.” 


Regional differences 

Interestingly, there are differences in disease outcomes for 
patients in different countries. Cardiovascular and limb event 
rates differed in Asian PAD patients from those of other regions 
of the world. Rates of cardiovascu ar death, non-fatal myocardial 
infarction and stroke, leg revascuBrization and amputation were 
lower in Asian countries. At a 3 vear follow up, vascular death 
rate was similar in Asia to other regions, while it was significant- 
ly lower in Japan and Australia. MI, stroke and vascular death 
rates were also low in Japan compared to other regions including 
other Asian countries. 

A | year follow up of the REACH registry patients found that 
non-fatal stroke is highly prevalent in CVD patients compared 


Atherothrombotic risk factors® 








Major 


Type | or 2 diabetes — under drug treatment 


Diabetic nephropathy 
Ankle brachial index <0.9 
Asymptomatic carotid stenosis > 70% 
Evidence of at least 1 carotid plaque 
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Minor 








Systolic blood pressure > 150 mm Fg, 
despite therapy for at least 3 months 
Primary hypercholesterolemia 
Current smoking >15 cigarettes per day 


Male > 65 years; female > 70 years 





Annals of Vascu ar Diseases Vol.5, No.1 (2012) 


Drugs for use in PAD patients in Japan 
Drugs for PAD Patients in Japan 


Table 2. 


Cilostazol Eicosapentanoeic acid 
Aspirin Algatroban 

Ticlopidine or clopidogrel Lipid-lowering drugs 
Sarpogrelate Other pharmaceutical agents 
Prostaglandins: 


‘a. limaprost (PGE)) 


b. alprostadil (PGE1, lipo-PGE)) 
c. beraprost (PGL) 


to other registered groups of CAD or PAD patients. In global pa- 
tients, the incidence of stroke event in PAD patients was the same 
as in CAD patients.? In contrast, in Japan non-fatal stroke was 
highly prevalent in PAD patients compared to global patients. 
Prevention of stroke is mandatory in the long-term treatment for 
the Japanese PAD patients. Improved medical care systems and 
social environment may account for the differences seen. 


5 Year Survival 

In Japan, 5 year survival rates of PAD patients (60-70%) 
are worse than breast cancer (85%) and similar to colon can- 
cer (68%). In a prospective cohort study of patients aged over 
65 years with monitored follow-up over 5 years, compared with 
patients without PAD, those with asymptomatic PAD or symp- 
tomatic PAD had a significantly increased risk of mortality or 
vascular morbidity.) 

The ACCF/AHA recently (2011) revised the guidelines for the 
management of PAD.! It states that the resting ankle brachial 
index (ABI) be used to establish the lower extremity PAD diag- 
nosis in patients with suspected lower extremity PAD, defined as 
individuals with >1 of the following: exertional leg symptoms, 
non-healing wounds, aged >65 years or >50 years with a history 
of smoking or diabetes. ABI results should be uniformly report- 
ed with non-compressible values defined as >1.40, normal values 
1.00 to 1.40, borderline 0.91 to 0.99 and abnormal <0.90. ABI is 
easily measured using the Form machine which is widely used 
throughout Japan. 


From TASC II to TASC HI 

In recent years new data has emerged leading to the revi- 
sion of TASC II to TASC II. The Japanese Circulation Society 
Guidelines for management of Peripheral Arterial Occlusive Dis- 
ease were published in 2009. It states that the purpose of medical 
therapies is to improve ischaemic symptoms, to improve patency 
for vascular reconstruction including endovascular treatment 
and to prevent systemic vascular event. 


Drugs used in PAD 

Prostaglandin is still one of the most commonly used drugs 
for PAD patients in Japan (Table 2)'). The prostaglandin bera- 
prost sodium is believed to have dual effects in PAD. It improves 
ischaemic symptoms by increasing blood flow via vasodilation 
and helps to prevent future CV events via inhibiting progression 
of arteriosclerosis. 
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PAD in Thai Diabetic Patients 


Dr Chaicharn Deerochanawong 
(Bangkok, Thailand) 


PAD is more common and diffuse in diabetics than non-dia- 
betic patients. If diabetic patients have concomitant CV disease 
then the prevalence of PAD is markedly increased. The preva- 
lence of PAD in Thai type 2 diabetes (T2DM) patients has been 
established in several multicentre studies, most notably in the 
2003 PAD-SEARCH study.) 


Pad-Search Study 

PAD — SEARCH (SEARCH: Screening & Evaluation of dia- 
betic patients in Asia Regions for Characteristics by High Risk 
Factors). The objective of PAD-SEARCH was to identify the 
PAD risk factors in diabetic patients and investigate the prev- 
alence of PAD in diabetic patients with identified risk factors. 
PAD-SEARCH was a multinational cross-sectional study with 
inclusion criteria to include diabetes patients >50 years, diabetes 
patients with >1 risk factors (i.e., smoking, hypertension, dys- 
lipidaemia). Clinical sample n = 7,300 (a = 6,771; ¢ = 2,987, 
9 = 3,784) with 15 sites across Asia. The definition of abnor- 
mal outcome variables was based on VS-1000 measurements, 
with abnormal values being ABI value <0.9, baPWV value 
1400~1800 cm/sec. 

Results show that the incidence of PAD in the Thai T2DM 
patients was 15.9%, which is consistent with other countries in 
Asia (Fig. 1). Key factors identified as associated with increased 
risk of PAD in Thai diabetics are age (most important), duration 
of diabetes, female gender, current smoker, high blood lipids and 
hypertension. 


Treatment of Pad in Diabetes 
Medical and surgical treatment is available for symptomatic 
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Treatment of Peripheral Arterial Disease ( PAD ) 





Assess cardiovascular 
risk factors 


Risk- factor modification 
Smoking cessation 
LDL-C <100 mg/dl 
HbA ‘1c < 7.0 % 


Drugs 


BP < 130/80 mm Hg 
ACEI 

Antiplatelet therapy 
Aspirin 











Assess severity of claudication 
Treadmill MWD and PFWD 
SF-36 and WIQ questionnaires 


Therapy for claudication 
Supervised exercise 


Symptoms | | Symptoms 
improve worsen 














Critical leg ischemia 


Localize the lesion 
Hemodynamic localization 
Duplex ultrasonography 
Magnetic resonance angiography 
Conventional angiography 





Revascularization 


Angioplasty 
Bypass surgery | 








Fig.2 Treatment strategies for PAD. 


PAD. To help prevent other atherosclerotic events patients should 
undertake smoking cessation, good glycaemic control, blood 
pressure control, lipid control, ACEI and antiplatelet therapy. 
Figure 2 outlines the treatment strategy for use in assessing and 
treating PAD. 


Exercise for Treatment of Claudication 

Nehler & Hiatt (1999) established that when patients followed 
exercise guidelines of claudication within 5 min, ex-rest-ex ses- 
sion 35 min, for 3—5 times/week they increased maximal tread- 
mill walking distance by 179m.” 
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Drug Treatment of Claudication 

In a study conducted to compare cilostazol with placebo and 
pentoxifylline. Results showed that cilostazol significantly im- 
proved absolute claudication dis ances or maximum walking 
distances compared to groups that received pentoxifylline or pla- 
cebo; pentoxifylline did not show any significant improvement in 
walking distances compared to placebo.” 

In a separate double blind trial mvestigating the effect of bera- 
prost on intermittent claudication, 549 patients with intermittent 
claudication were randomized to beraprost 40 ug TID or placebo 
and treated for 6 months. Results Fig. 3) showed that pain-free 
walking distances increased by 8 .5% and 52.5%, respectively, 
in the beraprost and placebo groups and maximum walking 
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Fig.3 Change in pain-free walking distance from treadmill exercise 
tests with berapost vs. placebo. 


distances by 60.1% and 35.0%, respectively; demonstrating that 
beraprost is an effective symptomatic treatment of patients with 
intermittent claudication.» 


Drug Treatment for Cardiovascular Risk 

A study was undertaken to determine whether aspirin and 
antioxidant therapy, combined or alone, are more effective than 
placebo in reducing the development of cardiovascular events in 
patients with diabetes and asymptomatic PAD. No evidence was 
found of any interaction between aspirin and antioxidant and the 
results of this trial do not provide evidence to support the use of 
aspirin or antioxidants in primary prevention of cardiovascular 
events and mortality in the population with diabetes studied.® 
These results are supported by those of Berger et al. (2009), 
which found that in patients with PAD the use of aspirin alone or 
in combination with dipyridamole resulted in a statistically non- 
significant decrease in cardiovascular events, although a signifi- 
cant reduction in non-fatal stroke was seen.®) 

A meta-analysis of placebo-controlled, Japanese randomized 
trials was conducted to evaluate the effect of beraprost sodium 
on the vascular events occurring in patients with PAD. Two trials 
met the criteria, each of which was a comparative trial of bera- 
prost (40 ug t.i.d.) and placebo (t.i.d.), with a six-month follow- 
up period. With both trials combined, the analysis included 594 
patients in the beraprost group and 590 in the placebo group. The 
risk ratio was 0.608 (95%CTI: 0.41 to 0.90, P = 0.012), demonstrat- 
ing the efficacy of beraprost on all vascular events. The risk ratio 
for lower limb deterioration was 0.598 (95% CI: 0.34 to 1.06, P= 
0.079), which was similar to that for all vascular events. A simi- 
lar result was also obtained for cardio/cerebrovascular events. 
When data are combined for exacerbation of leg symptoms and 
cardio/cerebrovascular events there was a 39% reduction with 
beraprost vs. placebo.” 

In summary, it is important to diagnose PAD in diabetes to 
prevent disability and limb loss, and to identify a patient at high 
risk of MI, stroke and death. Screening should be undertaken in 
any patient with symptoms of PAD or non-palpable pedal pulses, 
all patients >50 years of age and patients <50 years with vascular 
risk factors (smoking, hypertension, dyslipidaemia, duration of 
diabetes >10 years). ABI should be used for screening, and <0.9 
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is indicative of a diagnosis of PAD. 

Systemic atherosclerosis should be treated intensively, pa- 
tients must not smoke, have good glycaemic control, ACE-In- 
hibitor, statin, aspirin or other antiplatelet therapy. In the case of 
symptomatic PAD patients should undertake exercise rehabilita- 
tion in all cases and consider pharmacologic therapy. Beraprost 
effectively reduces the risk of vascular events in patients with 
PAD. Preventative foot care programs are of value and revascu- 
larization should be considered in cases with non-healed ulcer 
or gangrene, disabling claudication refractory to conservative 
therapy and rest pain. 
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The Epidemiology and Treatment of 
PAD in Japanese Diabetic Patients: 
the Kyushu Prevention Study for 
Atherosclerosis (KPSA) 


Dr Yasutaka Maeda 
(Fukuoka, Japan) 


The KPSA aimed to evaluate the usefulness of brachial-ankle 
pulse wave velocity (baPWV), a noninvasive marker for arte- 
rial stiffness, in high risk patients of atherosclerosis. Whether 
baPWV is a useful predictive maker for cardiovascular events 
in patients with diabetes has not been established. The KPSA 
evaluated the benefit of baPWV for the prediction of cardiovas- 
cular morbidity and mortality in diabetic subjects.” 

The KPSA established the prevalence of PAD in 3,906 Japa- 
nese patients with diabetes evaluated by ABI measurement. Sub- 
jects were outpatients with diabetes (n = 4,249). Baseline ABI 
was measured using a device “form PW V/ABI (Omron-colin Co. 
Ltd., Japan).” Valid information was available for 3,906 diabetic 
patients (mean age: 60.8 years) including 1,612 elderly patients 
(>65 years). Lower ABI of <0.9 was considered diagnostic of 
PAD. 

The frequency distribution of lower ABI in all diabetic sub- 
jects shows that in the KPSA, ABI <0.9 is 295 (7.6%). This means 
that 1/13 diabetic patients in this study has PAD. Borderline PAD 
(0.9-1.0) was 10.7%. Taken together, 16.4% patients had an ABI 
of <1.0 (with these patients suspected of having PAD) (Fig. 1). 
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Fig. 2 


Elderly patients (>65 years) had a much higher prevalence of 
PAD than younger patients; the incidence of ABI of <1.0 was 
377, 23.4% of elderly patients. 

When the rate of previous diagnosis and treatment in PAD 
patients was investigated it was found that previous diagnosis of 
PAD before the enrollment to KPSA was only 24.4% in subjects 
with a low ABI (<0.9). Prior to the KPSA, only 45.1% of patients 
diagnosed with low ABI had previously been treated with any 
anticoagulant or platelet inhibitor because of atherosclerotic dis- 
eases. When the rate of previous diagnosis in accordance with 
the severity of ABI was classified, it was confirmed that no more 
than 20% of low ABI subjects in relatively mikd ABI deteriora- 
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Risk factors for PAD (all diabetic subjects). 


tion had been previously diagnosed with PAD. Furthermore, the 
rate of previous diagnosis even in the ABI group with the most 
severe deterioration was 50%. The rates of previous treatment 
in PAD patients were similar to diagnosis rates suggesting that 
a high proportion of PAD patients with diabetes had not been 
given the benefit of anticoagulant therapy, regardless of the se- 
verity of their ABI deterioration. 

Risk factors for PAD were evaluated; in all subjects (Fig. 2), 
aging, hypertension, CAD, neurepathy and nephropathy were 
significant explanatory variables, whilst results in elderly dia- 
betic patients were very similar with aging, hypertension, CAD, 
CVD and nephropathy being the greatest risk factor to PAD in 
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Fig.3 Outcomes of PAD patients with diabetes in KPSA. 
KPSA: Kyushu Prevention Study for Atherosclerosis 


Table 1. Patient characteristics in the KPSA follow-up study 


Lower ABI <0.9 





Lower ABI >0.9 


Deterioration RAS oak 
n 13 138 

Age 73.0 + 7.5 68.2 + 9.9 
Gender (male) 8 (61.5%) 74 (53.6%) 
Smoking 4 (30.8%) 32 (23.2%) 
Hypertension 10 (76.9%) 102 (73.9%) 
Hyperlipidemia 6 (46.2%) 80 (58.0%) 
Retinopathy 3 (23.1%) 57 (41.3%) 
Nephropathy 5 (38.5%) 50 (36.2%) 
Neuropathy 4 (30.8%) 57 (41.3%) 

BMI 23.4 + 3.1 24.0 + 3.6 

HbA lc (%) 8.8 + 2.0 LI#19 


Deterioration 





No change/ 








improvement DP value 
197 1589 

6324127 61.0 + 10.6  <0.0001 
118 (59.9%) 903 (56.8%) 0.6956 
55 (27.9%) 390 (24.5%) 0.6773 
117 (59.4%) 799 (50.3%) <0.0001 
105 (53.3%) 859 (54.1%) 0.7514 
63 (32.0%) 403 (25.4%) 0.0003 
72 (36.6%) 317 (20.0%) <0.0001 
63 (32.0%) 364 (22.9%) <0.0001 
24.6 + 4.2 24.4 + 3.9 0.4071 
8.1+2.0 LOEZA 0.0024 


diabetic elderly patients. 

The KPSA patients entered a 3.3 year follow-up stage (Fig. 3). 
During the follow up period 54 patients (15.8%) with low ABI 
died and the condition of 8.6% of 151 survivors had deteriorated. 
In contrast, 211 (5.8%) patients with ABI >0.9 had died and the 
condition of 11% of 1,786 survivors had deteriorated. 

As shown in Table 1, differences were seen between those pa- 
tients who showed health deterioration and those who’s condition 
remained the same or improved during follow-up. 

When risk factors for the deterioration of ABI in diabetic pa- 
tients were evaluated, aging, neuropathy and, interestingly, HbA 1c 
at baseline were found to be significant explanatory variables. 

The KPSA therefore found that Japanese PAD patients with 
diabetes have a high mortality. HbAle and nephropathy were 
significantly correlated to the deterioration of ABI in these dia- 
betic patients. This study suggests that treatment for PAD at all 
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severity levels could prevent the further deterioration of ABI in 
diabetic patients. 


Prediction of Mortality and Cardiovascular Events by ABI 

In a summary of reports about predictive ability of ABI for 
future cardiovascular outcomes patients with low ABI were at 
twice the high risk of CAD and stroke and 4 times the high risk 
of all-cause mortality, rising to 6 times the high risk of cardiovas- 
cular mortality.” The mortality and cardiovascular event risks in 
PAD patients from KPSA were analysed. Cause of death was 
compared between PAD and non-PAD subjects. It was shown 
that low ABI was a strong risk of all-cause mortality. Even after 
the adjustment by age, gender, BMI, hypertension, Smoking and 
HbA Ic, low ABI remained ~twice risk of mortality. High PWV 
was also a significant predictor for all-cause mortality. 

Finally, the cause of death in the KPSA was investigated. It 
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was found that in all subjects, the distribution of cause of death 
was quite similar to that of the general population in Japan. Low 
ABI was a strong risk for mortality. Interestingly, the rate of in- 
fectious disease was increased in low ABI group. In contrast, 
however, the rate of cardiovascular deaths was markedly in- 
creased in the high PWV group. 

To conclude, PAD is a high risk for all-cause mortality in Jap- 
anese patients with diabetes. Not only cardiovascular deaths but 
also infectious diseases should be given attention in PAD patients 
with diabetes. As the measurement of ABI is convenient and non- 
invasive, it should be considered useful as a screening method 
of PAD in patients with diabetes. Increasing diagnostic efforts 
and intensive early treatments for PAD are needed to improve 
patients’ quality and duration of life in Japanese diabetic patients. 
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Pharmacotherapy for Peripheral 
Artery Disease: A Vascular Surgeon’s 
Perspective 


Dr Toshiya Nishibe 
(Tokyo, Japan) 


Importance of Early Detection 

Peripheral artery disease is a leg disease that is often found 
among patients with diabetes, high blood pressure and hypercho- 
lesterolemia. The 5 year survival rate for PAD patients is 75%." 
Statistics show that approximately 18% of diabetes patients have 
PAD.” The number of patients with diabetes is increasing with 
around 22 million Japanese (~17% of the Japanese population) 
now estimated to have diabetes or be at risk of diabetes. Simi- 
larly, the number of Chinese diabetes patients is estimated to be 
92.4 million,’ (7% of its population). These figures suggest that 
more than 4 million people in Japan and 16 million in China 
have PAD. 


Techniques for the Detection of PAD 

Clinician should examine whether the patient has any numb- 
ness, cold sensation or pain in their legs. The physician must 
check the condition of the patient’s feet, and palpate the Dorsalis 
pedis artery (Fig. l-a). It is important to examine and make sure 
that the pulse is strong; they should palpate the posterior tibial 
artery (Fig. 1-b), making sure that the pulse is strong again. 

The examination for PAD is difficult to perform and not all 
hospitals have the necessary equipment. Doctors must at least 
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interview and check their patients’ legs, in particular, the feet. If 
any abnormality of the pulse is found or if PAD suspected, then a 
more detailed palpation should be performed. The full palpation 
examination is performed on four parts of the body. If the pulse 
is weak or if no pulse is felt, then PAD should be suspected. If 
some noise in the pulse is felt, it may suggest a narrowing of the 
vessel; in that case auscultation must be performed. 

A more precise method than palpation for detecting PAD is 
the ABI, it is very simple and effective for PAD screening and 
can be easily achieved using an automatic instrument that mea- 
sures ABI using the blood pressure of both arms and legs simul- 
taneously (Fig. 1-¢). An ABI <0.9 is considered to be abnormal 
and enables a diagnosis of PAD. 

PAD remains one of the most under-diagnosed diseases of all 
cardiovascular disease so to improve the short- and long- term 
prognosis of patients early detection and optimal treatment is 
critical. In most cases, the presence of PAD is clarified by medi- 
cal history and physical examination including palpation of arte- 
rial pulses and measurement of ABI without using any special 
medical appliances. It is therefore vital to start screening your 
at-risk patients using these methods. A significant difference can 
be made by helping to modify patient risk factors. 


Two Goals for the Treatment of PAD 

Peripheral arterial disease, an occlusive disease of the arteries 
of the aorta, iliac, and lower extremities, is a common manifesta- 
tion of systemic atherosclerosis.*) Medical therapies for PAD aim 
to improve the symptoms of the lower leg and to prevent cardio- 
vascular events ( Fig. 2). 

Intermittent claudication is defined as fatigue, discomfort, 
or pain that occurs in specific limb muscle groups during effort 
due to exercise-induced ischemia. The severity of the symptoms 
can be classified according to the Fontaine category (Table 1).°? 
Stage II represents the most common symptom, while stages II] 
and IV are more frequent in patients with diabetes and dialysis. 

Most PAD patients do not need invasive treatment.® Key 
treatments for patients with claudication are reducing modifiable 
atherothrombotic risk factors and symptomatic relief via super- 
vised exercise programs and/or pharmacotherapy. Exercise con- 
ditioning, especially with supervised, structured regimens, in- 
creases pain-free and maximal walking time and distance, with 
average improvements of 134% to 179% for pain-free walking 
and 96% to 122% for maximal walking ability.” '” 

Only cilostazol is recommended for the treatment of PAD by 
TASC II and ACC/AHA Guidelines. However, drugs available 
for treatment in Asia are different from U.S. and Europe, and 
this needs to be taken into consideration in the pharmacotherapy 
of PAD. A large variety of oral drugs for PAD are commercially 
available in Japan (Table 2). 


Review of Evidence from Clinical Studies 

In eight randomised, double-blind, placebo-controlled trials, 
which included 2,702 patients with stable, moderate to severe 
claudication, cilostazol therapy increased maximal and pain-free 
walking distances by 50% and 67%, respectively, without major 
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Fig.1 Detection of PAD. 
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Table 1. Classification of PAD: Fontaine’s stages>) 
Stage Clinical 
I Asymptomatic 
Ila Mild claudication 
IIb Moderate-severe claudication 
II Ischaemic rest pain 
IV Ulceration or gangrene 
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Two goals for the treatment of PAD. 


adverse effects. In addition, quality of life assessments revealed 
enhanced scores for physical well-being.!!) 

Another randomized controlled trial of beraprost sodium 
conducted in Europe in patients with intermittent claudication 
showed pain-free walking distances increased by 81.5% and 
52.5%, respectively, in the beraprost and placebo groups (P - 
0.001) and maximum walking distances by 60.1% and 35.0%, re- 
spectively (P = 0.004). The incidence of critical cardiovascular 
events was 4.8% in the beraprost group and 8.9% in the placebo 
group.!?) 


12] 


Table 2. 
Drug 

Ticlopidine hydrochloride 
Cilostazol 
Limaprost alfadex 
Beraprost sodium 
Eicosapentanoic acid 
Sarpogrelate hydrochloride 


Aspirin* 


Oral drugs available for the treatment of PAD in Japan 


Pharmacologic action 


Inhibitor of ADP-stimulated platelet aggregation 
PDE 3 inhibitor 

Prostaglandin E analogue 

Prostacyclin analogue 

Inhibitor of TXA, production 

5-HT, receptor antagonist 


COX inhibitor 


*Aspirin is not approved for PAD but commonly used in Japan 


Events (%) 
Beraprost Placebo Odd's ratio P value Beraprost Better Placebo Better 


Liever, 10/209 
2000 (4.8%) 


19/213 0.54 
(8.9%) (0.26-1.13) 


Mohler, 28/385 
2003 (7.3%) 


43/377 0.64 
(11.4%) (0.41-1.00) 


62/590 0.61 
(10.5%) (0.41-0.90) 


Meta- 38/594 
analysis (6.4%) 


Fig. 3 


However, in another clinical trial conducted in patients with 
intermittent claudication in the U.S., there was no significant im- 
provement in maximum walking distance in the beraprost group 
(16.7%) as compared with the placebo group (14.6%, P = NS). 
Administration of beraprost in this study did not improve the 
pain-free walking distance, and there was no improvement in the 
quality-of-life measures between the treatment groups.!?) 

Ticlopidine significantly improved mean walking distance in 
two clinical trials. In a multicenter trial of patients with chronic 
intermittent claudication ticlopidine had a beneficial effect both 
in the treatment of the symptoms and the prevention of vascular 
complications in patients with intermittent claudication.") 

In another study patients with intermittent claudication were 
randomly allocated to receive the antiplatelet agent ticlopidine 
(250 mg twice per day) or an identical placebo. Long-term treat- 
ment with ticlopidine improved walking ability and ankle systolic 
blood pressure in patients with claudication.'>) 

Cilostazol, beraprost and ticlopidine have been stud- 
ied for their ability to prevent cardiovascular events in PAD 
patients.'*:!>) Cilostazol did not prevent death and cardiovascular 
events. There was no significant difference in all death and car- 
diovascular events between the placebo and cilostazol groups.!® 
However, meta-analysis of randomized controlled trials dem- 





Heterogeneous Q=0.15 (p=0.70) 


Beraprost significantly prevented cardiovascular events. 


onstrated that beraprost significamtly prevented cardiovascular 
events (Fig. 3).'’) Similarly, ticlopidine significantly inhibited 
cardiovascular events in !69 patients with chronic intermittent 
claudication due to obstructive PA ) in another trial. There was a 
significant difference in cardiovascular events between placebo 
and ticlopidine groups.'*) 

It is important to note that comtraindications, warnings and 
precautions from respective drug package inserts reveal signifi- 
cant potential limitations relating to the use of oral PAD drugs 
which must also be taken mto cons. deration when planning treat- 
ment.'?) For example, patients wih congestive cardiac failure, 
tachycardia, ischaemic heart disease, severe renal disease and 
diabetes mellitus are suitable for treatment with beraplost. These 
diseases are frequently concomitaat with PAD. 

All of these considerations are reflected in the current strat- 
egy in Japan for the oral pharmacotherapy of PAD (Fig. 4).°°) 
This strategy takes into account the fewer contraindications, 
warnings and careful administration requirements for beraprost 
compared with both cilostazol anc ticlopidine. Beraprost there- 
fore plays a key role in the improvement of lower leg symptoms 
and the prevention of cardiovascular events. Where tolerated, as- 
pirin is recommended to be used as a base-line drug in all cases. 
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Fig.4 PAD pharmacotherapeutic strategy: choice of oral drugs. 


Beraprost: Has the Highest Usage Rate in the J-Method Study 

J-Method is the Japan Medication Therapy for peripheral 
arterial Disease. In 2006, the J-Method study group initiated a 
prospective observational cohort study to investigate the current 
status of PAD drug treatment in Japan, and the effects of drug 
treatment, risk factors, and complications on disease progress 
and onset of cardiovascular events in PAD patients. Results were 
published in April 2010.2! 

Of 625 PAD patients recruited (with ankle-brachial index 
[ABI] of <0.9, subjective symptoms of PAD and a history of vas- 
cular reconstruction of the lower limbs), 557 were followed up 
for 3 years; their PAD treatment, risk factors and cardiovascular 
events were monitored (Fontaine classification and ABI). 

Three drugs — beraprost sodium, cilostazol and aspirin — 
were the most frequently used treatments and most patients re- 
ceived two oral drugs in combination. At the time of enrollment, 
most patients (43%) received beraprost followed by cilostazol 
(40%) and aspirin (31%). After 3 years, most patients (32%) still 
received beraprost. 

In the top three drugs with the highest usage rate (i.e., beraprost, 
cilostazol and aspirin), for those patients group without a history of 
vascular reconstruction in the lower limbs, the ABI at the time of 
enrollment was compared with that at last evaluation. There was 
a significant improvement in ABI in the group treated with bera- 
prost, but not in the group treated with cilostazol or aspirin. 

Moreover, beraprost has been found to be suitable for patients 
with both PAD and diabetes mellitus.*!) Beraprost may increase 
glucose uptake by skeletal muscle in patients with obesity and 
diabetes mellitus.*”) 
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Impaired Insulin Signaling in the 
Endothelial Cells Reduces Insulin- 
induced Glucose Uptake by the Skeletal 
Muscle 


Dr Tetsuya Kubota 
(Tokyo, Japan) 


In recent years there has been rapid growth in diabetes in Ja- 
pan which now is one of the nations most affected by the world- 
wide diabetes epidemic.” Currently around 22 million people 
have T2DM in Japan, representing a 35-fold increase in inci- 
dence since 1955. This burgeoning number of patients develop- 
ing T2DM is a major threat to health. Diabetes magnifies the risk 
of CV morbidity and mortality, reflecting a growing epidemic of 
macrovascular complications, including diseases of the coronary 
arteries, peripheral arteries and carotid vessels. This high preva- 
lence of T2DM is associated with a significant economic burden, 
with diabetes accounting for up to 6% of the total healthcare bud- 
get. The increasing incidence of T2DM is likely due to patho- 
logical processes (Fig. 1) in an ageing population exposed to the 
negative health effects of ‘westernized’ lifestyles, including diets 
high in fat (Japanese fat intake has increased 4-fold in 50 years) 
and carbohydrate combined with reduced levels of exercise. 

Approximately only one third of patients with T2DM achieve 
the recommended target HbA,C of 6.5% for glycaemic control. 
Consequently, new insights into the pathological process are 
needed to provide novel treatment approaches that can help pa- 
tients achieve greater glycaemic control and so prevent the long- 
term complications of T2DM. 
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Skeletal Muscle Plays an Essential Role in Insulin-Induced 
Glucose Uptake 

It is established that muscle insulin resistance precedes and 
causes both metabolic syndrome and T2DM, leading to macro- 
and microvascular diseases. Muscle is the organ with the larg- 
est glucose consumption. In order to stimulate insulin-induced 
glucose uptake by the skeletal muscle, insulin has to be delivered 
into the capillaries, and cross the endothelial barrier to enter the 
interstitial spaces. 

Skeletal muscle is one of the major target organs of insulin 
actions and plays an essential role in insulin-induced glucose 
uptake.*) Insulin signaling in vascular endothelium produces 
at least two types of actions. First, insulin modifies endothelial 
homeostasis in arteries, thereby making the vascular wall less 
susceptible to atherosclerosis.) Second, insulin may regulate 
its own delivery to skeletal muscle and other tissues.*® Indeed, 
evidence suggests that insulin delivery to skeletal muscle inter- 
stitium is the rate-limiting step in insulin-stimulated muscle glu- 
cose uptake and that this process is impaired in obesity.>? 

Based on these observations, two models of skeletal muscle 
insulin resistance are proposed (Fig. 2). The first involves im- 
pairment of cellular signaling within the myocytes, while the 
second involves impairment of insulin delivery to skeletal mus- 
cle. Kubota and colleagues hypothesized that an insulin signal- 
ing defect in the endothelial cells impairs insulin-induced capil- 
lary recruitment and insulin delivery in the skeletal muscle in 
obesity.” 

To study whether insulin activates insulin signaling to facili- 
tate its own transendothelial transport, Kubota and colleagues 
created and studied mice with knockout of IRS-2 (ETIrs2KO 
mice) in endothelial cells. Compared with controls, insulin- 
stimulated phosphorylation of Akt and eNOS was decreased in 
endothelial cells from ETIrs2KO mice. In addition, capillary re- 
cruitment was significantly impaired in the ETIrs2KO mice from 
60 min onward after insulin infusion. The increase of interstitial 
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Fig. 1 Proposed mechanisms of the T2DM epidemic in Japan. 
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Fig.2 Two models of skeletal muscle insulin resistance. 


concentrations of insulin was also significantly impaired in the 
ETIrs2KO mice from 60 min onward after insulin infusion. ETIr- 
s2KO mice also had glucose intolerance relative to controls.” 
Overall, the series of experiments demonstrated that IRS-2 
deletion in the endothelial cells causes an insulin signaling de- 
fect that results in impairment of insulin-induced eNOS phos- 
phorylation, capillary recruitment, and an increase of the inter- 


stitial concentrations of insulin, resulting in the impairment of 


skeletal muscle glucose uptake.” 


Rescue of Skeletal Muscle Insulin Resistance 

Therefore, can restoration of the insulin-induced eNOS phos- 
phorylation rescue skeletal muscle insulin resistance in the ETIr- 
s2KO mice? 

Treatment of ETIrs2KO mice with beraprost not only in- 
creased eNOS protein levels in endothelial cells but also com- 
pletely normalized capillary recruitment, interstitial insulin 
concentrations, and whole-body insulin sensitivity. As shown in 
Fig. 3a, expression levels of eNOS mRNA and protein were sig- 
nificantly increased in PGI, analog-treated ETIrs2KO mice. This 
effect restored the insulin-stimulated phosphorylation of eNOS. 
Figure 3b shows the restoration of insulin-induced increase 
of capillary recruitment by beraprost. Beraprost had no effect 
in eNOS knockout mice, suggesting that beraprost was eNOS 
dependent. Glucose uptake by skeletal muscle after insulin in- 
fusion was completely restored in beraprost-treated ETIrs2KO 
mice, and phosphorylation levels of Irb, as well as those of IRS-1 
and Akt, in skeletal muscle induced by insulin were also com- 
pletely restored by beraprost.”? 


“These experiments show that insulin signaling through 
IRS-2 in endothelial cells is important for insulin delivery to 
skeletal muscle interstitium and insulinstimulated glucose up- 
take in muscle.” Rask-Madsen & King (2011)® 


Insulin Signaling in Hf Diet-Fed Mice 
Kubota et al. next studied mice with obesity-associated insu- 
lin resistance induced by high-fat diet and found that IRS-1 and 
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IRS-2 in endothelial cells were downregulated by 50% and 80%, 
respectively. Furthermore, insulin-stimulated phosphorylations 
of Akt and eNOS were decreased by 70—80% in the endothelial 
cells of the HF diet obese mice. Capillary recruitment was also 
significantly impaired in the HF-diet obese mice from 60 min 
onward after insulin infusion. In addition, capillary blood vol- 
ume increased 10 min after start of a euglycemic hyperinsulin- 
emic clamp in control mice, followed by an increase in intersti- 
tial insulin concentrations after 60 min. In obese mice, however, 
the increase in capillary blood volume in skeletal muscle was 
blunted at 10 min, and interstitial insulin concentrations were 
decreased at 60 min. This suggests that insulin delivery from the 
blood to the interstitial space was delayed in obesity-associated 
insulin resistance.” 


Rescue of Skeletal Muscle Insulin Resistance in the Hf Diet-Fed 
Mice 

Similar to the findings in the knockout mice, and via the same 
proposed mechanism, treatment of HF diet-fed mice with bera- 
prost significantly increased expression levels of eNOS mRNA 
and restored the insulin-stimulated phosphorylation of eNOS. 
Beraprost also completely restored capillary recruitment and 
interstitial insulin levels from 60 min onward after insulin infu- 
sion. Beraprost significantly, but not completely, restored whole- 
body insulin sensitivity. On the other hand, the glucose uptake 
by isolated skeletal muscle from the HF diet-fed mice treated 
with beraprost remained essentially unchanged, indicating the 
glucose absence of any significant effect of beraprost treatment 
on the glucose uptake by the skeletal muscle per se. Phosphory- 
lation levels of Irb, as well as those of Irs] and Akt, in skeletal 
muscle induced by insulin were significantly, but not completely. 
restored in PGI2 analog-treated HF diet obese mice.” 


“Discoveries in this field may provide targets for augment- 
ing endothelial insulin sensitivity which may not only improve 
muscle insulin sensitivity but also help prevent long-term 
complications like atherosclerosis in people with the metabolic 
syndrome or diabetes.” Rask-Madsen & King (2011) 
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The Potential Role of Beraprost Sodium in T2 dm 

Beraprost sodium is the first chemically stable and orally ac- 
tive prostacyclin analog synthesized in Japan. In clinical studies, 
beraprost has been shown to improve PAD with ischaemic ulcer- 
ation, pain at rest or peripheral coldness and to effectively treat 
primary pulmonary hypertension.” !! 

Medical therapies for PAD aim to improve ischaemic symp- 
toms, to improve patency for vascular reconstruction (including 
endovascular treatment) and to prevent systemic vascular events. 
Beraprost is one of the most commonly used of the many drugs 
currently available in Japan for the treatment of PAD.!”) 


Clinical Implications and Future Perspectives 

Based on the insights into the mechanism of insulin resis- 
tance in skeletal muscle provided by Kubota and colleagues, it 
is anticipated that, by improving insulin resistance via increased 
insulin delivery, beraprost sodium may prove to be a valuable 
therapeutic option in the overall management of T2DM. Further 
discoveries in the field of insulin signaling in obesity and T2DM 
may provide targets for augmenting endothelial insulin sensitiv- 
ity to help prevent long-term complications such as atherosclero- 
sis in people with metabolic syndrome or diabetes. 


“... treatment directed at improving insulin signaling in the 
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endothelial cells as well as myocytes may serve as a therapeutic 
strategy for ameliorating skeletal muscle insulin resistance.” 
Kubota et al. (2011)” 


With this discovery, agents that improve insulin-induced 
eNOS activity, such as beraprost, may serve as a new therapeutic 
strategy with a different mechanism of action (targeting endothe- 
lial cells) from the existing insulin sensitizers’): 

e IRS-2 expression level was significantly decreased in endo- 
thelial cells of high-fat diet obese mice; 

e eNOS activity (phosphorylation) in endothelial cells was 
significantly reduced in high-fat diet obese mice; 

e Beraprost significantly restored the decreased eNOS activity 
(phosphorylation) in endothelial cells of high-fat diet-fed mice; 

e Beraprost significantly improved the reduced glucose up- 
take of skeletal muscle. 
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Foot Care and the Prevention of Diabetic 
Foot 


Dr Geun Young Park 
(Seoul, Korea) 


The definition of diabetic foot according to the International 
Consensus on the Management and Prevention of the Diabetic 
Foot, 2007 is infection, ulceration or destruction of deep tissues 
of the foot associated with neuropathy and/or peripheral arterial 
disease in the lower extremity of people with diabetes. 

Statistics for diabetic foot show that 15% of diabetic patients 
will develop foot ulcers. Every year, approximately 4 million 
people develop a new diabetic foot ulcer; and 14-24% of people 
will require amputation. Up to 70% of all lower-limb amputa- 
tions are performed on people with diabetes with 85% of all am- 
putations preceded by foot ulcers. There is a 2—4 fold increase in 
ulcers and amputations with age and duration of diabetes.” 


“Every 30 seconds, a lower limb or a part of a lower limb 
is lost somewhere in the world as a consequence of diabetes.” 
Boulton et al. (2005) 


Outlined in Table 1 are the major risk factors for foot ulcer- 
ation in diabetic patients. The most significant of these are smok- 
ing, obesity, alcohol consumption and tight footwear. 

Education of diabetic patients in the prevention of diabetic 
foot is critical to preventing this debilitating condition. Daily feet 
inspection by the patient is important, including areas between 
the toes (frequently missed area). Should the patient be unable to 
do so (vision impaired), this should be done by another person 
with skills to inspect feet (Fig. 1). 

In addition to daily inspection, regular washing of feet with 
water temperature below 37 °C followed by careful drying, espe- 
cially between the toes is essential. Patients must not use a heater 
or hot water bottle to warm their feet. The use of lubricating oils 
or creams for dry skin; but not between the toes is recommended. 

Patients are also advised to avoid barefoot walking indoors or 
outdoors, they should cut nails straight across. Chemical agents 
or plasters to remove corns ‘and calluses — should not be used; 
these should be dealt with by a healthcare provider (Fig. 2). 

The wearing of stocking with seams inside out or preferably 
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without any seams is recommended and patients must never wear 
tight or knee-high socks. It is advised to change socks daily and 
most importantly, diabetic patients must never wear tight shoes. 

There are four categories of risk for diabetic foot as outlined 
in Table 2. If a patient falls within category 0 they should be in- 
structed in basic foot care. Patients in category 1 should conduct 
daily foot self-examination, receive diabetic foot patient educa- 
tion, and use in-depth shoes or sneakers with non-moided soft 
inlays. Category 2 requires daily foot self-examination, diabetic 
foot patient education, in-depth shoes or sneakers and custom- 
molded foot orthoses. For the most severely affected patients, 
category 3, daily foot self-examination; patient-at-risk diabetic 
foot education and the use of custom-molded foot orthoses and 
prescription shoes are often required. 


General Principles of Footwear Prescription 

Shoe should match the shape of the foot. They should be 
roomy and in-depth shoes, 1/2 to 5/8 inch longer than the longest 
toe, have triple depth-inlay. To minimize shear/friction shoes 
should have a high instep, non-leather insole. 

Shoes are recommended to have heel heights less than 2 inch- 
es. Rigid rocker or roller sole are advantageous. Shoes should be 
fitted at the end of the day and it is advised that patients change 
shoes at midday and again in the evening. The role of therapeutic 
footwear in diabetic patients is prevention of initial or recurrent 
ulceration rather than healing of existing ulcers. 


In-Depth Shoes 

The Blucher-style Oxford or athletic shoe is available with an 
additional 1/4 to 1/2 inch of depth throughout the shoe designed 
to provide the extra volume needed to accommodate both the 
foot and a total contact orthosis. These shoes have light-weight, 
shock-absorbing soles, strong counters with upper materials 
made of soft, seam-free full leather linings with a firmer upper 
material of deer skin or cowhide. Charcot foot shaped wider in 
the midfoot area to accommodate deformity. 


Table 1. The risk factors for foot ulceration in diabetic patients 
Risk Factors for Foot Ulceration 
Bony abnormality — claw toes, prominent MTH 
Soft tissue problems 
Smoking 
Poor vision 
Obesity 
Poor glycaemic control 
Cognitive problems 
Alcohol consumption 
Tight footwear 


Peripheral oedema 
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Table 2. Risk categorization — pedorthic aspect in diabetic foot 
Category Loss of protective sensation Deformity, callus, weakness History of ulceration or ischaemia Follow-up 
0 No No No Annually 
l Yes No No 6 Months 
2 Yes Yes No 3—4 Months 
3 Yes Yes Yes —2 Months 
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Inserts 

The use of shoe inserts is to redistribute plantar forces; pres- 
sure beneath one part of the foot can be relieved by increasing the 
pressure on an adjacent part. The insole design is comprised of 
lamination of different materials to form a single firm material. 
The shoe then has softer components next to the skin and firmer 
materials underneath for structural support. 


Midstance and Apex of Rocker Sole 

A midstance rocker sole has contact with the floor when in 
a standing position. An apex is located at the distal end of the 
midstance this must be placed behind any area for which pres- 
sure relief is desired, reducing MTH pressure by 55-60% and 
reducing toe pressure by 65%. 

There are six types of mid rocker sole for the prevention of 
diabetic foot: 

A. Mild: the most widely used, relieve mild metatarsal pres- 
sure, assist in gait 

B. Heel-to-Toe: ankle or subtalar joint fusion, fixed claw or 
hammer toe deformity 

C. Toe-only: forefoot ulcerations with stability or propriocep- 
tion problems 

D. Severe Angle: extreme relief of MTH or toe-tip ulcerations 

E. Negative Heel: accommodate a foot fixed in dorsiflexion, 
relieve forefoot pr. 

F. Double Rocker: midfoot pathology 


To conclude, clinicians need to provide continuous and repeti- 
tive foot-related educations about diabetic foot. This education 
needs to stress the importance of frequent inspection, washing, 
drying, and using of oils or creams. In addition, patients need to 
be advised on the correct treatment of nail cutting, corns and cal- 
luses and the use of proper socks. Patients should be prescribed 
with proper shoes.3~° n 
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Third Asian PAD Workshop 


Discussion 


The discussion that followed the presentations covered sev- 
eral important issues, including the timing of pharmacotherapy 
initiation to limit the consequences of PAD in diabetic patients. 
Dr Nishibe usually starts treatment when PAD is diagnosed in 
such patients. However, if the patient has no symptoms, this can 
be quite difficult and in which case treatment with just aspirin is 
advisable. If the patient is symptomatic, then the options include 
cilostazol and beraprost amongst others. Dr Maeda also com- 
mented on the initiation of pharmacotherapy in diabetes patients 
with PAD. In his studies, beraprost sodium has been shown to 
have significant clinical efficacy in the treatment of PAD. Dr 
Maeda currently reserves cilostazol for the rather severe cases of 
PAD and other drugs for the more mild cases; for early treatment 
he would select beraprost. 


A further issue addressed why the current TASC II guidelines 
recommends only the use of cilostazol while ample evidence is 
available supporting the use of beraprost and ticlopidine. There- 
fore, why did TASC II not consider this evidence in formulat- 
ing their latest guidelines? Dr Nishibe pointed out that when the 
TASC II process was undertaken, its stated aim was to provide 
an international consensus on the diagnosis and treatment of 
PAD. The only drugs available worldwide at that time were aspi- 
rin, cilostazol and clopidogrel, so they were the only agents that 
were considered. However, Dr Nishibe believes that both bera- 
prost and ticlopidine should be recommended for PAD patients. 
To keep abreast of the changing clinical landscape, the TASC 
II documentation is constantly evolving to encompass the latest 
clinical and technical updates in PAD. The guidelines, provide 
health care workers with the only international consensus that 
provides dynamic information on the diagnosis and treatment of 
PAD. It is hoped that subsequent guidelines take into account the 
compelling evidence for beraprost in the management of PAD. 


The Chairman closed a highly successful third Asia PAD 
workshop and thanked the esteemed faculty for providing a 
highly stimulating and educational program. Thanks were also 
extended to the many delegates who had travelled from across 
Asia to gain invaluable insights into the epidemiology and phar- 
macotherapy of PAD, in addition to optimal foot care manage- 
ment to prevent diabetic foot complications. Importantly, recent 
data were also presented regarding the potential of beraprost as 
a new therapeutic strategy to ameliorate skeletal muscle insulin 
resistance in diabetes. 
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Recent Advances in Medical Treatment for Lymphedema 


Yoshihiro Ogawa, MD 


As medical treatment for lymphedema, combined physical therapy with guidance regarding daily 
living is recommended. Recently, training has been conducted on a nationwide scale, and this therapy 
has gradually and commonly been employed. This therapy consists of daily living guidance to prevent 
edema deterioration, skin care, manual lymph drainage, compression therapy, and exercise therapy. The 
number of hospitals in which all procedures can be adequately performed is limited. There is no treatment 
to completely cure lymphedema. Patients’ self-care based on the contents of treatment is essential for 
relieving symptoms. (*English Translation of J Jpn Col Angiol 2008; 48: 167-172.) 


Keywords: lymphedema, medical treatment, combined physical therapy, intermittent pneumatic 


compression 


INTRODUCTION 


T is difficult to completely cure lymphedema. Chronic 
conditions are more difficult to reduce. As both health 
care professionals and patients often abandon positive 
treatment, the absence of care leads to a severer condition 
in some patients. However, appropriate medical treat- 
ment early after the onset of lymphedema and guidance 
for patients’ self-care may prevent the deterioration of 
lymphedema, as demonstrated for diet/exercise therapies 
in patients with lifestyle-related diseases such as diabetes. 
To instruct patients with lymphedema, health care profes- 
sionals must acquire knowledge regarding lymphedema 
treatment. However, currently, few physicians are familiar 
with the pathogenesis and treatment of lymphedema. 
Primary treatment recommended by the International 
Society of Lymphology” is presented in Table 1. Con- 
cerning surgery, with the recent, widespread application 
of microscopic lymph vessel-vein anastomosis, its ef- 
ficacy has been reported. However, there is no recently 
advanced effective medical treatment technique. For 
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medical treatment, combined physical therapy (CPT) 
is primarily performed. Internationally, it is employed 
as standard treatment. However, it has not commonly 
been selected in Japan; considering this, CPT may be 
the latest treatment in Japan. At the Lymphedema Train- 
ing Committee of the “Cancer Rehabilitation Training” 
program organized by the Ministry of Health, Labour 
and Welfare in 2009, “complex treatment (conservative 
treatment involving CPT)” consisting of CPT and guid- 
ance regarding daily living was established as standard 
treatment for lymphedema. 

In this article, we introduce the entity of lymphedema 
treatment, as well as medical treatment with CPT. We also 
review therapies described in the literature. 


ENTITY OF LYMPHEDEMA TREATMENT 


Lymphedema is classified into two types: primary 
lymphedema associated with congenital lymph vessel 
dysplasia/dysfunction in the absence of etiological fac- 
tors, and secondary lymphedema resulting from lymph 
vessel injury related to surgery with lymph node dissec- 
tion or radiotherapy/chemotherapy for malignant disor- 
ders. Regardless of these types, peripheral lymph is not 
transported from sites with lymph vessel hypo-function, 
leading to lymphedema through the subcutaneous tissue 
retention of inter-tissue fluid. Lymphedema is character- 
ized by such edema involving subcutaneous tissue. 
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Non-operative Treatment 


Operative Treatment 


1. Physical therapy 
a.Combined physical therapy(CPT) 


b.Intermittent pneumatic compression 


c.Massage alone 
d.Wringing out 

e. Thermal therapy 
f. Elevation 


bo 


. Drug therapy 
a.Diuretics 
b.Benzopyrones 
c.Antimicrobials 
d.Filariasis 
e. Mesotherapy 
f.immunological therapy 
g. Diet 


3. Psychosocial rehabilitation 





1. Skin care 


2, Manual lymph drainage (MLD) 


1. Microsurgical procedures 
a.Reconstructive methods 
b. Derivative methods 


2. Liposuction 


3. Surgical resection 


3. Compression by multi-layered bandage-wrapping or compression garments 





Thus, for lymphedema treatment, it is necessary to 
promote the development of a collateral pathway from 
the affected toward the normal lymphatic system, de- 
crease leakage from capillaries to inter-tissue spaces, 
and inhibit the gravity-related transfer of inter-tissue 
fluid to the periphery of an affected limb. In particular, 
it is Important to control the subcutaneous tissue of 
an affected limb. Furthermore, prolonged edema may 
induce subcutaneous-tissue fibrosis or adipose-tissue 
outgrowth.” Therefore, treatment should be started early 
after onset. when tissue changes are slight. 


CPT 


In the lymphedema-associated literature, CPT is de- 
scribed as complex/complete decongestive therapy (CDT) 
or complex decongestive physiotherapy (CDP). Many 
studies have reported its efficacy.*-'!”) Furthermore, the 
number of reports on its efficacy in Japan has slightly 
increased. In Europe and the United States, there are 
several hospitals with beds in which CPT is performed. 
However, m Japan, CPT is not covered by health insur- 
ance. In addition, there are few hospitals to which patients 
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can be admitted. 

The purpose of this treatment is to eliminate lymph 
and inter-tissue fluid retention m an affected limb through 
skin care, manual lymph draimage (MLD), compression 
therapy, and exercise therapy under compression, as 
shown in Table 2. The detailed contents of individual 
therapies are described in other articles. In this article, 
we introduce basic constitutivematters and their outlines. 


(1) Skin care 


For lymphedema treatmen:, it is most important to 
avoid the onset/deterioration cf edema in patients’ daily 
lives. Excessive exercise and travelling may cause edema. 
However, lymphedema rapidly deteriorates after inflam- 
mation such as cellulitis. In effected limbs, the lymph 
vessel function is damaged, amd bacterial infection may 
become severer. Inflammation enhances capillary perme- 
ability, leading to the deterioration of edema. 

To prevent affected-limb irfection, it is important to 
avoid skin injury and clean the skin. When edema of the 
fingers or toes is present, inter-finger/-toe wetness may 
induce trichophytia. Caution is needed. 
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(2) MLD 


In this procedure, inter-tissue fluid and lymph retain- 
ing in the subcutaneous tissue of an affected limb are 
slowly induced to the normally functioning lymphatic 
system with soft stimuli. Treatment is focused on the 
subcutaneous tissue of an affected limb. “Soft compres- 
sion” transmitting from the skin surface to the entire 
subcutaneous tissue is appropriate. Strong forces such 
as digital compression and massage are not necessary. 

Lymph should always be induced from the affected 
limb toward normal lymph nodes. The detailed proce- 
dures are described in another article.!!) However, it is 
important to treat affected limbs involving the trunk. 
Before affected-limb treatment, deep lymphatic flow 
should be promoted, and the trunk involving the central 
end of the affected limb must be massaged. Sites of 
marked fibrosis or sclerosis are sometimes more strongly 
massaged compared to other areas. 

A study indicated the efficacy of simple lymphatic 
drainage,!” which refers to guidance-based self-MLD. 
In our hospital, patients are also instructed to perform 
CPT as self-care. However, its effects are insufficient in 
some patients due to their ages and natures. 


(3) Compression therapy 


For CPT, compression therapy is the most important. 
Even when MLD is thoroughly performed, edema does 
not reduce in the absence of compression. In contrast, 
when compression is adequately carried out despite in- 
sufficient MLD, edema reduces. Inadequate compression 
in the topical area of the affected limb may deteriorate 
edema, although compression therapy is important. Cau- 
tion is needed. 

The reasons for affected-limb compression include 
the inhibition of leakage from capillaries through an 
increase in the subcutaneous tissue pressure, prevention 
of lymph regurgitation from an injured lymph vessel to 
subcutaneous tissue, prevention of gravity-related tissue 
fiuid transfer, and improvement of venous return. 

For compression therapy, elastic garments (elastic 
stockings/sleeves/gloves) and bandages are employed. 
Individual tools are selected in accordance with the con- 
dition.!» In patients with dermal sclerosis in the chronic 
phase and those with marked articular ring constrictions 
related to a severe status, adequate elastic garments must 
be introduced after treatment with elastic bandages. 
When only elastic garments are employed, excessive 
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compression in the articular region may promote dermal 
sclerosis in some cases; improvement in edema may not 
be achieved. 

Compression with elastic bandages should be per- 
formed at an appropriate pressure so that daily activities 
are not restricted. In addition, the periphery of the af- 
fected limb should be rolled with a bandage at a maximum 
pressure so that the bandage gradually loosens toward 
the central side. 

Compression with elastic garments is essential for 
maintaining lymphedema-reducing effects. The size of 
elastic garments should be determined in accordance with 
the affected limb’s circumference. The pressure must also 
be established (standards: ankle, 30 mmHg; and wrist, 20 
mmHg; an optimal pressure should be reviewed based 
on the affected limb’s condition). As excessive elastic 
garment-related compression of the affected limb leads 
to the deterioration of edema, stocking-type garments 
are employed in many patients with edema of the lower 
limbs, including unilateral-limb edema. In those with 
upper-limb edema, sleeves with gloves are also used. 
The characteristics of elastic garments vary; edema im- 
provement depends on the type of garment. Therefore, 
health care professionals must select elastic garments 
appropriate for affected limbs based on their experience. 

Compression therapy is contraindicated for conditions 
with acute inflammation such as cellulitis, congestive 
heart failure, and acute-phase venous thrombosis. This 
therapy must also be carefully selected in patients with 
sensory paralysis, neuroparalysis, or occlusive peripheral 
artery disease (contraindicated for limbs with severe 
ischemia). 

Concerning compression therapy with elastic ban- 
dages, it is also possible to instruct patients to perform 
self-care. However, this is difficult in some patients, as 
described for MLD. 


(4) Exercise therapy under compression*~'®) 


Exercise under adequate compression of the affected 
limb is effective for lymphedema. When the affected limb 
is compressed on the skin surface, muscular movement- 
related pumping actions are added to the subcutaneous 
tissue, showing massage effects through intermittent 
increases in the tissue pressure. Leakage from capillaries 
is inhibited, leading to edema improvement. Furthermore, 
the lymph vessel pressure improves the valve function, 
promoting lymph induction. However, excessive exercise 
may cause inflammation. It should be avoided. 


14} 


Ogawa Y. 


Patients with edema of the lower limbs should do ex- 
ercise to move each joint, such as walking. Even when 
walking is difficult, the ankles and knees should be flexed/ 
extended while on a bed. In those with upper-limb edema, 
repeated gripping movement and flexion/extension/prona- 
tion/supination of each joint are etfective. 


(5) CPT as palliative care 


The progression of malignant disorders also induces 
edema. In some cases, CPT is also performed to re- 
lieve symptoms. In such cases, edema improvement is 
not achieved. However, when patients wish to reduce 
edema due to the edema-related reduction of activities 
of daily living (ADL), treatment is performed to relieve 
symptoms. 

For CPT as a part of palliative care, affected limbs 
are compressed with elastic bandages more loosely in 
comparison with general lymphedema treatment in many 
patients after evaluating the general condition, such as the 
progression of cancer and presence or absence of pleural 
effusion/ascites. For MLD, low-level stimuli should be 
given under a weak pressure in a short duration. This must 
be conducted in accordance with patients’ conditions. In 
particular, skin contact on MLD exhibits supportive ef- 
fects including mental actions; this procedure is useful for 
palliative care. It must be considered that excessive elastic 
garment-related compression deteriorates cancerous pain, 


OTHER MEDICAL TREATMENTS 


We introduce other treatments presented in Table 1. 
However, there are only a few high-evidence-level re- 
ports. 


(1) Elevation 


Simple elevation of the affected limb reduces swelling 
in some patients with initial-phase lymphedema. How- 
ever, edema deteriorates during the daytime, when the 
affected limb is suspended. Therefore, elastic garment- 
reduced conditions should be maintained. 


(2) Intermittent pneumatic compression!” 


In this procedure, a cuff is worn on the affected limb, 
and air is intermittently infused from the periphery of 
the affected limb toward the center for compression. Its 
therapeutic effects remain controversial. However, treat- 


ment with this system is perfcrmed in most hospitals in 
which CPT has not been introduced to treat lymphedema. 
The limitation of this system is the order of compression. 
Edematous fluid at the peripkery is transported to the 
central region of the affected limb, which may deteriorate 
edema in the central region. Therefore, MLD must be ad- 
ditionally conducted in the central region of the affected 
limb and trunk before and after this procedure. Further- 
more, strong compression for a long duration should be 
avoided, considering the risk ef lymph vessel injury. 

This procedure does not replace MLD, and should be 
recognized as an MLD-assis:ing method. Health care 
professionals must understane this. Furthermore, com- 
pression with elastic garments’bandages after the use of 
this system is essential. 


(3) Massage therapy 


This therapy refers to massage as single therapy. Few 
studies have examined the effects of classical massage or 
rubbing. Their effects may be lmnited because the affected 
limb is not compressed, differing trom CPT. Excessive 
partial compression may damage lymph vessels. This is 
contraindicated. 


(4) Diet therapy 


Factors deteriorating lymphedema include obesity. It is 
important to maintain an “opt: mal body weight.” In our 
hospital, body weight control reduced lymphedema in 
some obese patients, whereas marked obesity deteriorated 
lymphedema tn others. Although there is no specific diet 
therapy, the combination of “caloric restriction” and a 
“guidance-based exercise prezram” for obese patients 
in combination with CPT is nore useful for reducing 
swelling of the affected limt. Furthermore, excessive 
salt/water ingestion should be avoided, as indicated for 
other types of edema. 


(5) Drug therapy 


(D Diuretics: Diuretics promote the excretion of whole- 
body water as urine. Therefore, in the initial phase, these 
agents are effective in some patients. However, lymph- 
edema treatment is limited, and these agents may induce 
body-fluid/electrolyte imbalane. Long-term administra- 
tion should be avoided. 

2) Benzopyrones: Oral benzopyrones may hydrolyze 
tissue protein while activating the lymph transport route, 
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promoting its absorption. In Japan, a melilous extract 
(Esberiven) has been employed, but is not commercially 
available. However, this agent does not replace CPT. A 
long interval is required until the appearance of its effects. 
Long-term or massive therapy may cause hepatopathy. 

G) Antimicrobial agents: Antibiotics are employed to 
treat acute infectious inflammation of affected limbs. 
Inflammation is characterized by flare, swelling, pain, 
fever, and septic shock, which is rare. After confirming 
hematological findings of inflammation, such as leu- 
kocytosis and positive reactions to C-reactive protein 
(CRP), broad-spectrum antibiotics, including penicillins 
and cephems, should be administered, and CPT must 
be discontinued for resting. Antibiotic therapy should 
_ be discontinued based on hematological data to avoid 
incomplete treatment or excessive administration. 

(4) Traditional Chinese herbal medicines: Various 
traditional Chinese herbal medicines are employed. How- 
ever, these agents may not exhibit any marked effects. 


(6) Immunotherapy 


For auto-lymphocyte arterial injection therapy, au- 
tologous lymph activated and infused into arteries may 
activate macrophages in the affected-limb interstitial 
tissue, decomposing an excess level of protein. However, 
its persistent effects remain to be clarified. 


(7) Gene therapy 


In patients with primary lymphedema, gene abnormal- 
ities were reported. Gene therapy has also been examined. 
Recent studies reported hepatocyte growth factor 
(HGF)-related neovascularization. Currently, a basic 


study regarding lymph vessel neogenesis therapy with 


HGF is being conducted. Clinical studies of HGF were 
carried out to investigate peripheral vascular growth 
in limbs with severe ischemia.?°:2) HGF-related lymph 
vessel neogenesis in a rat breast cancer model was re- 
ported. Furthermore, the motor ability of lymph vessels 
was maintained. In the future, a clinical study will be 
conducted. 


STRATEGIES FOR THE WIDESPREAD APPLICATION 
OF LYMPHEDEMA TREATMENT 


As marked changes in medical environments regarding 


lymphedema treatment in Japan, the “lymphedema guid- 
ance/management fee” and “medical benefit for elastic 
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garments” became covered by health insurance when 
medical fees were revised in 2008. Since 2008, a clinical 
path to lymphedema treatment and leaflets for guidance 
have been prepared by the Anti-Cancer Global Strategy 
Research Business Team, Ministry of Health, Labour and 
Welfare, and published on the “Cancer Information Ser- 
vice” homepage. Since 2009, training for “lymphedema 
guidance” with cancer rehabilitation, as described above, 
has been performed so that the instructors’ level meets the 
widespread application of CPT for lymphedema. In the 
future, an authorization/qualification system for health 
care professionals engaged in lymphedema treatment 
will be established. 


CONCLUSION 


As lymphedema is associated with irreversible changes 
in the lymphatic system, it is difficult to develop radical 
treatment. In particular, it is more difficult in chronic- 
phase patients with dermal sclerosis and an increase in the 
volume of fibrous and adipose tissues. Recent advances 
in medical treatment are not marked. Conventional CPT 
is still primarily selected. However, recently, education of 
health care professionals responsible for treatment early 
after onset and self-care guidance for patients have been 
emphasized. In Japan, CPT has not yet been applied on a 
nationwide scale. There is no system for all lymphedema 
patients to undergo sufficient treatment. However, in the 
future, a system for lymphedema patients to similarly 
receive guidance/treatment throughout Japan should be 
established, as introduced for guidance regarding diet/ 
exercise therapies for lifestyle-related diseases. 
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Recent Developments in Morphology of Lymphatic Vessels 
and Lymph Nodes 


Osamu Ohtani, MD, PhD, and Yuko Ohtani, MD, PhD 


This paper reviews the morphology of lymphatics and lymphangiogenesis in vivo, microenvironments 
that promote lymphangiogenesis, and the structure and function of lymph nodes. Lymphatic capillaries 
consist of a single layer of lymphatic endothelial cells (LECs) and have valves, while collecting lymphatics 
are endowed with smooth muscle cells (SMCs) and valves besides a single layer of LECs. In the embryonic 
rat diaphragm, LECs first migrate presumably according to interstitial fluid flow and later join to form 
lymphatic vessels. SMCs of the collecting lymphatics are apparently differentiated from mesenchymal 
cells. LECs cultured on Cell Culture Inserts under a low oxygen condition proliferate very well and 
form a lymphatic network. LECs cultured on a collagen fiber network with a natural three-dimensional 
(3D) architecture under low oxygen rapidly form a 3D lymphatic network. The lymph node initiates an 
immune response as a critical crossroads for the encounter between antigen-presenting cells, antigens 
from lymph, and lymphocytes recruited into nodes from the blood. The node consists of spaces lined with 
LECs and parenchyma. High endothelial venules in the node strongly express Aquaporin-1, suggesting 
their involvement in the net absorption of water from lymph coming through afferent lymphatics. SMCs 
in node capsules seem to be involved in squeezing out lymphocytes and lymph. (“English Translation of 


J Jpn Col Angiol 2008; 48: 107-112.) 


Keywords: lymphatic vessel, lymphangiogenesis, lymph node, metastasis, lymphedema 


INTRODUCTION 


he lymphatic vessels maintain the homeostasis of tis- 
sue fluid, function as an immunological surveillance 
mechanism in the living body, and play an important role 
in ingesting fat and the fat-soluble vitamins A, D, E, and 
K. The lymphatic vessels were first identified by an Italian 
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anatomist, Gasparo Aselli, as “milky veins” in the canine 
mesentery in 1627. Since then, various techniques have 
been developed to investigate the lymphatic vessels to 
reveal their distribution and structure.) However, it was 
often difficult to identify lymphatic vessels in a tissue 
section because no specific marker was available. At the 
end of the 20th century, lymphatic vessel-specific mark- 
ers, such as Prox-1,”) podoplanin,*) LY VE-1,4 VEGFR-3,> 
CCL21,° and desmoplakin,”) were discovered. These 
markers have accelerated investigations on lymphatic 
vessels, and should advance the diagnoses and treat- 
ments of various lymphatic disorders. The lymph node 
is an important intersection of antigen-presenting cells, 
antigens carried by the lymphatic vessels, and lympho- 
cytes supplied by the blood. The lymph node consists of 
a lumen surrounded by lymphatic endothelial cells and 
parenchyma, featuring a reticular structure filled with 
lymphocytes, etc. The water of lymph from the afferent 
lymphatic vessels is absorbed into the lymph node to 
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Fig. 1 Lymphatic capillaries in the rat diaphragmatic pleura. 


There are many blind ends earrowheads) and valves (ar- 
rows). Enzyme histechemistry for 5'-nucleotidase. Scale 
bar =200m (From Ohtani et al., 1993!) 

©1993 Archives of Histology and Cytology. All rights 
reserved. Ohtani Y, Ohtani C, Nakatani T: Microanatomy 
of the rat diaphragm: a scamning electron and confocal 
laser scanning microscopic study. 1993, 56: 317-328. 





Fig. 2, Smooth muscle cells around the collecting lymphatic vessel in the rat diaphragm. 


They tend to run circumferentially around the valves (arrows) and obliquely or 


helically between valves. Scale bar = 50m (From Ohtani et al., 2001'”’) 


©2001 Archives of Histology and Cytology. All rights reserved. Ohtani Y, 


Ohtani O: Postnatal development of lymphatic vessels and their smooth muscle 


cells in the rat diaphragm: a confocal microscopic study. 2001, 64: 513-522. 


concentrate proteins. Lymph node metastasis of a tumor 
is the main negative prognostic factor. However, lymph- 
adenectomy for cancer treatment causes lymphedema. We 
herein describe the morphology, structure, 
of lymphatic vessels and lymphangiogenesis. 


and functions 


MORPHOLOGY OF LYMPHATIC VESSELS 


There are two kinds of lymphatic vessel: lymphatic 
vessels of origin, or lymphatic capillaries and lymphatic 
aggregates. The lymphatic capillary consists of a layer 
of lymphatic endothelial cells (LECs). Most lymphatic 
capillaries have valves at intervals of hundreds of microns 
to several millimeters to allow one-directional lymphatic 
flow (Fig. 1). Unlike blood vessels, the lymphatic capil- 
lary features a poorly-developed basal membrane and 
no pericyte. The lymphatic vessels are bound to the sur- 
rounding extracellular matrix through an anchoring fila- 
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ment’) containing fibrillin.” Doubly or triply overlapping 
adhesive regions and gating non-adhesive micro valves 
exist between LECs. 
fluid increases the tension o the anchoring filaments 
attached to the LECs, thereby dilating the lymphatic 
capillary. Then, the non-adhesive regions between LECs 


A pressure rise in the interstitial 


open to allow liquid, macromelecules, and cells to enter 
the lymphatic vessels. 

The lymphatic aggregates have valves and smooth 
muscles. Smooth muscles coatract to cause lymphatic 
transport. Smooth muscles tend to run circularly around 
the valves and obliquely between the valves (Fig. 2). The 
smooth muscles in the lymphatic aggregates develop 
depending on the regions and species. 

The human thoracic duct has three layers of well-devel- 
oped smooth muscles. Smooth muscles run longitudinally 
in the inner layer and circular y in the middle layer. The 
smooth muscle bundles run obliquely or spirally in the 
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Fig. 3 LECs expressing LY VE-1 from the thoracic duct of the 
green rat (transgenic SD rats containing fluorescent genes; 
Amersham, Tokyo) cultured on an insert under a low oxy- 


gen condition proliferate rapidly and form a lymphatic-like 
network. Scale bar = 100m 


outer layer.!® The middle layer is the thickest, and the 
inner and outer layers are relatively thinner. These layers 
cause peristaltic movement to allow lymphatic transport 
against gravity. 


LYMPHANGIOGENESIS 


In 1902, Sabin (Florence) proposed that primitive 
lymph sacs are formed through sprouting from the veins 
in an early developmental stage, from which the endo- 
thelium sprouts into the surrounding tissues and organs 
to form peripheral lymphatic vessels.'!) Oliver (2004) 
employed genetically-engineered mice to demonstrate 
Sabin’s hypothesis that mammalian lymphatic vessels 
develop from embryonic veins.!” 

VEGF-C promotes the proliferation and migration of 
cultured LECs through VEGFR-3.'*) Furthermore, V EGF- 
A, VEGF-C, and VEGF-D promote lymphangiogenesis 
through VEGF receptor or neuropilin 2. The molecular 
regulatory mechanisms of lymphangiogenesis have been 
rapidly elucidated. For details, see a review.!® 

Environmental factors that promote LEC proliferation 
and lymphangiogenesis remain unclear. LECs collected 
from the rat thoracic duct more rapidly reached conflu- 
ency when cultured under hypoxic conditions than when 
cultured under a 5% CO? atmosphere. LECs cultured on 
an insert under hypoxic conditions proliferate in layers 
to form lymphatic vessels (Fig. 3). Cells collected from 
the human thoracic duct and diaphragm were dissolved. 
Only the collagen fiber network was removed, with its 
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Fig. 4 LECs from the rat thoracic duct cultured on a collager 
fiber sheet from the human thoracic duct rapidly form a 
three-dimensional lymphatic network. Scale bar = 25m 


natural three-dimensional structure maintained 
LECs cultured on the network under hypoxic conditions 
rapidly formed lymphatic vessels in three dimensions 
(Fig. 4). These findings suggest that a hypoxic environ- 
ment and three-dimensional scaffold are critical foi 
lymphangiogenesis.!”) 

Only a few studies have been conducted on the in vivo 
development of lymphatic vessels. We have investigated 
lymphatic vessel development in the rat diaphragm.'* ~~" 
Lymphatic vessels can be clearly recognized in the tho- 
racic region of the diaphragm from embryonic day 16. 
After a while, they also appear in the peritoneal region 
Lymphatic vessels develop mainly through sprouting 
However, we previously suggested that LECs discretely 
migrated to form a line in regions where lymphatic ves 
sels may be formed and the LECs aggregated to form 
lymphatic vessels (Fig. 5).'’) Alternatively, the LECs 
discretely migrate in the direction of interstitial fluid flow 
and subsequently aggregate to form lymphatic vessels.- 

Little attention has been paid to the development of 
smooth muscles in lymphatic aggregates. Our study on 
the rat diaphragm!” revealed many spindle-shaped cells 
expressing a-smooth muscle actin (a-SMA) until two 





weeks after birth. Subsequently, a-SMA-positive cells 
wrapped with elongated extensions were observed around 
the lymphatic vessels. After a while, typical smooth 
muscles circularly or spirally bound to the lymphatic 
vessels were observed. These findings suggest that the 
smooth muscles of lymphatic vessels differentiate from 


mesenchymal cells.!”) 
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Fig.5 Developing lymphatic vessels in the rat diaphragm. 


Numerous single LECs are in lines in the places where 
lymphatic vessels are expected to be formed. L: lymphatic 
vessels already formed. Scale bar = 50m 


STRUCTURE AND FUNCTIONS OF LYMPH NODES 


The lymph node is an important intersection of anti- 
gen-presenting cells, antigens carried by the lymphatic 
vessels, and lymphocytes supplied by the blood to initi- 
ate an immune response. The lymph node consists of a 
lumen surrounded by lymphatic endothelial cells and 
parenchyma, featuring a reticular structure filled with 
lymphocytes, etc.?® In the parenchyma, the cortex is 
connected to myelin through the deep cortex. The af- 
ferent lymphatic vessels flow into the cortical lymphatic 
sinuses. Fluid and cells enter the cortex through the pores 
on the bed of the cortical lymphatic sinuses (Fig. 6). A 
lymphatic labyrinth filled with lymphocytes exists in the 
deep cortex. The lymphatic labyrinth is connected to the 
medullary sinuses. The medullary sinuses feature a large 
internal diameter with a well-developed beam column 
surrounded by LECs and many macrophages entangled. 
The cortical lymphatic sinuses are also connected to the 
medullary sinuses through the intermediary sinuses. 
The intermediary sinuses have the same structure as 
the medullary sinuses. High endothelial venules (HEVs) 
develop in the deep cortex. Circulating lymphocytes 
enter the lymph node parenchyma through the HEV wall 
(Fig. 7). On the other hand, lymphocytes from the paren- 
chyma enter the lymphatic labyrinth in the deep cortex 
(Fig. 7). CCR7 is expressed in the lymphatic labyrinth. 

Lymph from the afferent lymphatic vessels is absorbed 
into the lymph nodes to concentrate proteins.**) This 
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Fig.6 Schematic diagram of the rat lymph node showing an 
overview of lymphatic pathways (green), an artery (red) 
and veins (violet: HEVs; blue: ordinary vein) of the lymph 
node. Arrows indicate the direction of fluid flow. Cross 
lines in subcapsular sinuses (SS), intermediate sinus 
(IS), and medullary sinuses (MS) indicate the networks 
of intraluminal reticular cells (1.e., lymphatic endothelial 
cells). F: follicle, Af: afferent lymphatic vessels, Ef: ef- 
ferent lymphatic wessels, LL: lymphatic labyrinth. (From 
Ohtani et al., 2003?) 
©2003 Archives of Histology and Cytology. All rights 
reserved.Ohtani O, Ohtani Y, Carati CJ et al: Fluid and cel- 
lular pathwaysof rat lymph nodes in relation to lymphatic 
labyrinths and Aquaporin-! expression. Arch Histol Cytol, 
2003, 66: 261-272. 


mechanism remains unclear. Water may be absorbed 
from the HEV wall into the blood vessels, because a water 
channel called Aquaporine-! is strongly expressed near 
the surface of the endothelial cells of HEVs.?”) This sug- 
gests a functional intravenous shunt of lymphatic vessels 
in the lymph node. 

Lymph node metastasis of a tumor is the main aggra- 
vating factor of patient prognosis. Recently, some kinds 
of human tumor were found to produce VEGF-A, -C, 
and -D. Such tumors facilitate lymphatic vessel prolif- 
eration and promote sentinel lymph node metastasis.7*) 
VEGF-C expression is correlated with Cox-2 expression 
in human stomach and colorectal cancers.*>*°) Report- 
edly, a Cox-2 inhibitor suppresses lymphangiogenesis 
when administered te an experimental tumor model. 
Thus, lymphangiogenesis inhibition in a tumor has been 
investigated as a cancer therapy strategy. 
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Fig. 7 Schematic of a closer view of the boxed area in Fig. 6. 
Thicker white arrows indicate a possible time sequence 
for the uppermost lymphocyte flowing in a HEV, which 
subsequently rolls on (thinner white arrow), then adheres 
to the luminal surface, and finally penetrates through its 
endothelium to enter the lymph node parenchyma. Black 
arrows indicate that lymphocytes in the lymph node 
parenchyma move towards the lymphatic labyrinths, and 
penetrate through their endothelium to enter the laby- 
rinths. Yellow arrows indicate the lymph flow direction. 
(From Ohtani et al., 200322?) 
©2003 Archives of Histology and Cytology. All rights 
reserved. Ohtani O, Ohtani Y, Carati CJ et al: Fluid and 
cellular pathways of rat lymph nodes in relation to lym- 
phatic labyrinths and Aquaporin-! expression. Arch Histol 
Cytol, 2003, 66: 261-272. 


The mechanism of tumor cell metastasis to the lymph 
node remains unclear. Lewis lung carcinoma (LLC) 
cells, transplanted in the mouse lung, metastasize to the 
mediastinal lymph node.?’) GFP-expressing LLC cells 
were investigated as a model to demonstrate that LLC 
cells reached and scattered in the cortical lymphatic sinus 
and proliferated to form a tumor nodule. LLC cells scatter 
around the nodule and exist independently or form a small 
cell population. LLC cells that passed through the medul- 
lary sinus metastasize to other lymph nodes. Preventing 
tumor cells from passing through the medullary sinus 
may also provide an effective cancer therapy strategy. 

Well-developed smooth muscles exist in the capsule 
of the lymph node. Smooth muscles in the capsule of 
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the lymph node are better developed in the axillary or 
inguinal lymph nodes than in the cervical lymph nodes. 
Lymphocytes and lymph are squeezed out by the capsu- 
lar smooth muscles into the efferent vessels. The lymph 
nodes absorb about half of the water in the lymph into 
the blood. Lymphadenectomy for cancer treatment often 
causes lymphedema. Lymphadenectomy abrogates the 
above two functions of the lymph nodes to cause lymph 
retention and lymphedema. Lymphatic-venous anasto- 
mosis, as well as conservative therapies, such as lymph 
drainage and donning of an elastic stocking, is effective 
in treating lymphedema. Autologous lymph node trans- 
plantation should be therapeutically effective. 
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Diabetes-Related Lower Extremities Amputations in Saudi 
Arabia: The Magnitude of the Problem 


Hasan Ali Alzahrani, MD, FRCS (Glasg) 


Background: Data on diabetes-related lower extremities amputations in the Kingdom of Saudi Arabia 
(KSA) and perhaps in all of Middle East and North African (MENA) countries are limited, in view of 
the absence of national registries. 

Methods: This review aims to challenge media figures by review of data in the local database of the author, 
available published data, as well as by analysis of recent annual reports of the Saudi Ministry of Health 
to estimate the magnitude of the problem. Different methods of analysis are used based on the number 
of beds, operations and admissions in KSA to generate approximate figures of the annual expected 
numbers of amputations in KSA and MENA countries. The 2010 International Diabetes Federation IDF 
comparative prevalence rate of 16.8% was used to standardize the analysis methods. 

Results: Findings of 2 previous studies and 3 analytical methods led me to the prediction that about 325 
amputations are likely to occur annually in Jeddah compared to 741 in Riyadh and 3970 in KSA. When 
we applied the results of KSA to those of MENA countries, 44208 amputations were predicted annually. 
Conclusion: Half a million diabetes-related amputations of the lower extremities are likely to occur in 


KSA and MENA countries over the coming decade. National registries are urgently needed. 


Keywords: diabetes mellitus, ulceration, amputation, ischemia 


INTRODUCTION 


ore than 50% of lower limb amputations are per- 
formed on diabetic patients.) Diabetic foot disor- 
ders/ulcers (DFD/DFUV) are one of the common chronic 
complications of diabetes, which may lead to major and 
minor limb loss. ® These amputations are usually as- 
sociated with an extended hospital stay, high mortality 
and low rehabilitation rates.2+5) 
On the 10th of March 2009, Dr Abdulaziz Al-Gannass, 
a foot and ankle surgeon at the National Guard King 
Abdulaziz Medical City in Riyadh, KSA, told the AFP 
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(Agence-~France-Presse) news agency that the number of 
diabetes-linked amputations is rising quickly and begin- 
ning to occur at younger ages. He added that some 90 
diabetic amputations are performed monthly, i.e. three 
per day were performed in the KSA capital of Riyadh.” 
This information was published by many newspapers and 
media sites on the web, sometimes without mentioning 
Al-Gannass saying that he “could not provide a figure for 
such cases.” This piece of information was continuously 
quoted by public reporters in media. 

In view of the absence of national registry and official 
data for diabetes-related amputations in KSA and perhaps 
in most of the Middle East and North African Countries 
(MENA), it may be the time to challenge the above quoted 
figures in view of the most recent Saudi official data as 
reported by the Saudi Ministry of Health and Saudi Cen- 
tral Department of Statistics & Information,”® as well as 
reviewing the author’s local data-base*>) and available 
data published in the literature? aiming to estimate the 
magnitude of the problem and forecast the future not only 
in KSA but perhaps in other similar countries with high 
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Fable I 


aAA A E cect ANNAE AA AAE AE AA A e A m a A A A A AA AA AAAA AAA AAAA EEA EA e AA A A AAAA Naaa ae eeen Aa a anaana amana aaa mnanaa aana nanea 


~ Overall population ( x 103)! 


Population at risk (Aged above 20 years) (°) 


Number of diabetics (based on 16.8 comparative prevalence rate) (>) 





chi ee at risk of having Diabetes Mellitus (DM) and number ef diabetic patients 





Jeddah Riy adh KSA MENA 
areca ee 
2073 u52 115186.8 344469 

348.0 529,0 2551.0 32032 


EENS ia estan eset AA AN A PALAAN AI E meee E AAAA AA Mheas ASANA aA etde e Anhaa aana aa aana e vananenn ee 





KSA: Kadn of Saudi Arabia; MENA: Middle East and Nort African 


Table Assumptive sista rates of amputations based on 1 estimated numbers of diabetic patients as reported in media® 


~ Estimated number of diabetic patients at risk ( * 103) 


_Assumptive number of amputations based on 0.2% risk for diabetics 





Jeddah Riyadh KSA MENA 
Pree eens Ct a aa ae 
696.0 1080 $102 on 70 


KSA: Kingdom of Saudi Arabia; MENA: Middle East and North African 


steadily increasing prevalence rates of diabetes particu- 
larly Arab and MENA countries.!°:'© Such data may be 
used as an indirect indicator or marker for measuring the 
effectiveness of prevention and management provided to 
diabetics suffering from foot ulceration. This may also 
excite policy makers to launch national registries for 
diabetes-related amputations in KSA and MENA coun- 
tries, which are confronting an impending health crisis. 


METHODS 
Aim 


To estimate the likely annual occurrences of diabetes- 
related lower extremities amputations and address the 
need for national registries in KSA and MENA countries. 


Design 


In view of the absence of a Saudi national registry for 
amputations, the author tried to verify if the previously 
quoted figare in media was correct and generate approxi- 
mate figures for the prevalence of diabetic amputations. 
Different ealculation formulae were used, based on the 
most recent information published by our group*>? in 
Jeddah, which is the second largest city in KSA, aiming 
to predict the total number of amputations performed 
annually, mn all of KSA. Such information is needed as a 
base-line indicator for effectiveness of health care services 
provided. it will also help in future health plans and for 
forecasting the future magnitude of diabetic lower extremi- 
ties amputations not only in KSA but also in all Arab and 


MENA countries, which share high prevalence rates of 


diabetes, and common cultural and social backgrounds. 


Assumption 


Based on the figure quoted 2y Al-Gannass® of KSA, a 
total of at least 1080 diabetes-selated amputations (i.e. 90/ 
month) are performed annual y in Riyadh, the capital of 
KSA, which has a population ef 5.25 million. This means 
an incidence rate of 205 amputations per million, 2.0 per 
10 000 population, or | ampuzation per 4878 of the total 
population of Riyadh (1:4878, approximate incidence rate 
of 0.02% in the overall population). This rate of amputation 
increases when only the diabetic population in adults is 
considered. The IDF 2010 comparative prevalence rate of 
16.8% of diabetes in KSA general population was used in 
this study for the sake of standardization of source of Arab 
and MENA country estimations Table 1. The IDF estimated 
a total of 15.186 million as popslation at risk of having DM 
(representing 60% of population above 20 years).'*! This 
percentage is almost similar tc the Saudi MOH report.” 

The approximate numbers in the population at risk, 
numbers of diabetics and estimated amputation rates 
based on the above assumption of amputation rate in 
capital of KSA are shown ir Table 2 in Riyadh, Jed- 
dah, KSA, and MENA counéries. If Riyadh has more 
than half a million of diabetx patients for whom 1080 
amputations were performed, this means simply one 
amputation will be performed on every 490 diabetic 
patients (approximately 1:500ratio) i.e. a prevalence rate 
of 0.2% in Riyadh diabetics’ population. Based on this 
assumptive rate, one can precict that Jeddah will record 
690 amputations/year, KSA 5,102 and MENA countries 
64070 amputations/year, Tabie A 

These above figures will te challenged below using 
Jeddah’s data to reach an estimate of the annual numbers 
of amputations expected in KSA and MENA countries. 
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Table 3 Estimated incidence rates of amputations based on KAUH five years study”) 





Descriptions 


Based on bed numbers Number of beds 


(Percentage to KSA capacity) * 


Amputation: beds ratio 

Number of amputation 
Based on operation numbers Number of Operations ** 
(Percentage to KSA) 
Amputation: operations ratio 
Number of amputation 
Based on admission numbers Number of admissions 
(Percentage to KSA) 
Amputation: Admissions ratio 


Number of amputation 
Estimated average numbers of amputations 


KAUH Jeddah Riyadh KSA 
650 4416 11635 44099 
(1.26%) (10%) (26.4%) (100%) 
1:14 1:14 1:14 1:14 
45 306.0 650 3053 
9342 89385 184852 929403 
(1.0%) (9.6%) (19.8%) (100%) 
1:208 1:208 1:208 1:208 
45 431.0 890 4476 
41227 166601 425283 3042465 
(1.4%) (5.8%) (14.0%) (100%) 
1:916 1:916 1:916 1:916 
45 182.0 464 3321 
45 306 668 3616 


KSA: Kingdom of Saudi Arabia; KAUH: King Abdulaziz University Hospital 
* Number of beds = MOH beds + Estimate of other sectors [Other sectors = (MOH x 40%)] in Jeddah & Riyadh 
** Number of operations = MOH operations + Estimate of other sectors [Other sectors = (MOH x 52.2%)] in Jeddah & Riyadh 


Data Sources 


Data from the following sources were reviewed and an- 
alyzed aiming to estimate the magnitude of the problem: 

e Reported prevalence rates of diabetes by IDF!) 

e Two previously published studies by the author’s 
group in Jeddah*9) 

e Annual report of Saudi Ministry of health 2009”) 

e Saudi Central Department of Statistics & Information 
CDSI 2010 national census® 


RESULTS 
Saudi Population 


According to the most recent CDSI 2010 national 
census,®) the population in KSA reached 27136977 (in- 
cluding 8429401 expatriates). The Saudi CDSI report 
also indicated a 3.2% growth rate compared to 2004’s 
. census.®) It also showed that Riyadh’s population is around 
5 million (5254560) compared to 3.5 million (3456259) in 
Jeddah which is the second largest city in KSA.® Forty 
percent of the population is below 20 years of age,’!>) 
Table 1. Based on the above figures, comparisons will 
be done with studies done in Jeddah and correlate it to 
Riyadh’s incidence rate of 0.2% risk of amputation in 
diabetics Table 2. 
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Estimation Methods 


King Abdulaziz University Hospital KAUH, Jeddah 
Study? 

KAUH is a tertiary care general hospital and has 
all specialties and sub-specialties. It is the only public 
university hospital in Jeddah city, with a bed capacity of 
650, during the period of our studies (reached 702 lately), 
which represents 1.26% of the whole KSA bed capacity 
55932 beds in all sectors. In 2009,” the total number of 
surgical operations performed in KAUH was 9342 which 
represent 1% of the total number performed in the whole 
KSA 929403. KAUH contributed to all hospitals’ admis- 
sions in KSA (3.0 million admissions) by admitting 41227 
patients i.e. 1.4% of the KSA’s admissions. 

In a retrospective study over a five year period January 
2004—December 2008), we reported 222 diabetes-related 
lower limb amputations performed in KAUH. This means 
that approximately 45 amputations were performed on 
diabetic patients per annum or 1 amputation to every 
14 beds in KAUH (1:14), or 1 amputation in every 208 
surgical operations performed (1:208) or 1 amputation in 
every 916 patients admitted to KAUH (1:916). 

In Table 3, the previous rates are applied to Jeddah, 
Riyadh and the whole KSA aiming to predict the number 
of amputations in Jeddah, Riyadh and the whole Kingdom. 
The figures obtained are 306, 650 and 3053 amputa- 
tions respectively based on the amputation: beds ratio 
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Table 4 _ Estimated incidence rates of amputations based on statistics from 3 
nn een area Ee nee eT? Descriptions 
Based on bed numbers Number of beds 


(Percentage to KSA capacity) * 

Amputation: beds ratio 

Number of amputation 
Based on operation numbers Number of Operations ** 
(Percentage to KSA) 
Amputation: operations ratio 
Number of amputation 
Based on admission numbers Number of admissions 
(Percentage to KSA) 
Amputation: Admissions ratio 
Number of amputation 


E stimated average numbers of amputations 


major hospitals i in Jeddah in year 2008°) 


ees KAUH _ Jeddah Riyadh KSA 

2052 4416 11635 44099 
(4.6%) (10.0%) (26.4%) (100%) 
1:16 1:14 1:14 1:14 
128 245 725 2750 
24342 RY3BK5 184852 929403 
(1.0%) (9.6%) (19.8%) (100%) 
1:190 1:190 1:190 1:190 
128 470 972 4887 
72937 166601 495283 3042465 
(1.4%) (5.8%) (14.0%) (100%) 
1:569 1:569 1:569 1:569 
128 292 746 5.339 
128 345 &l4 4325 


KSA: Kingdom of Saudi Arabia; KAUH: King Abdulaziz University Hospital 
* Number of beds = MOH beds + Estimate of other sectors [Other sectors = (MOH x 40%)] in Jeddah & Riyadh 
** Number of operations = MOH operations + Estimate of other sectors [Other sectors = (MOH x 52.2%)| in Jeddah & Riyadh 


at KAUH. These amputation numbers are higher based 
on operation ratio 431, 890, and 4,476 but lower based 
on admission ratio 182, 464, and 3321 respectively. The 
averages for these figures are 306 for Jeddah, 668 for Ri- 
yadh and 3616 for the whole KSA. It is obvious, therefore, 
that the current estimation of 668 is less than the quoted 
number of 1080 by 38.0% 


Diabetes-related amputations in three major public 
hospitals in Jeddah” 

In 2008, the amputations number performed on dia- 
betic patients in 3 major hospitals in Jeddah was 128. 
The 3 major hospitals had a total bed capacity of 2052 
(about 50% of Jeddah’s bed capacity) and admitted 72937 
patients over one year period. Surgeons performed ap- 
proximately 24342 operations in all disciplines. Calcula- 
tions were again done on the same line of previous study, 
Table 4. The averages of the three methods were 345 
amputations for Jeddah, 814 for Riyadh and 4325 for KSA. 

Finally, averages of three methods in both studies were 
taken, and it was found that 325 amputations are estimated 
to be performed annually in Jeddah, compared to 741 in 
Riyadh and 3970 for the whole kingdom Le. 2.5 amputa- 
tions per 10000 population. Again, this figure is less than 
the one quoted by 31%, Table 5. When applied to MENA 
countries, 44208 amputations are predicted annually. 


DISCUSSION 


Diabetes is the global epidemic of the 21st century. 
The number of adults with diabetes in the world was 
135 million in 1995. At present, 366 million people are 
affected by diabetes worldwide and 80% of them live in 
low and middle-income countries.'® By 2030, the global 
burden of diabetes is projected to increase to 552 million 
people.'® Between 2010 and 2930, there will be a 69% in- 
crease in the number of adults with diabetes in developing 
countries and a 20% increase in developed countries.'”) 

Data that has been accumulated over the last three 
decades confirms an epidemic of type 2 diabetes in 
KSA.!? KSA is one of the top ten countries (number 6) 
for prevalence of diabetes and 1s expected to continue in 
the coming two decades with prevalence rate of 20.0% 
in the age group 20-79 years.'® Other countries in the 
“top-ten” included Kuwait 21.1, Lebanon 20.2, Bahrain 
19.9 and United Arab of Emirates 19.2 as reported by IDF 
recently.!® The published diabetes mellitus DM preva- 
lence rates in KSA vary. These rates are still not well 
known ae to various methodologies used by research- 
ers,!0-12.15.16) For instance Al-Nozha et aL!” conducted a 
national survey and reported a prevalence rate of 23.7% in 
the adult Saudi population above 30 years of age (26.2% 
in males versus 21.5% in females). In contrast, Elhadad 
et al!) reviewed all of studies and commented that the 
last rate is somewhat inflated. The International Diabetes 
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Table 5 Summary of estimated incidence rates of amputations based 
on averages obtained by the three methods of analysis 


Description Jeddah 
Assumption * 696 
Method 1 averages ** 306 
Method 2 averages *** 345 
(Both studies averages) 325 


KSA: Kingdom of Saudi Arabia 
* Table 2, ** Table 3, *** Table 4 


Federation IDF in 2010 reported a comparative prevalence 
rate of 16.8% in the age group between 20-79 years.!>) In 
this study, the IDF prevalence rate of 16.8% of diabetes in 
the general population of KSA was used!») as it is more 
conservative and was generated by an international body 
after a review of various published studies. It is closer to 
the period during which previous studies of the popula- 
tion of Jeddah were performed. 

Diabetes-related lower-extremity amputations rates are 
important indicators for the effectiveness of health care 
provided to diabetic patients including prevention and 
management of foot ulcers and to forecast the magnitude 
of the problem. Unlike developed countries where data on 
the incidence of amputations can be obtained relatively 
easily,!®) these rates are unknown in most of developing 
countries, which record high prevalence of diabetes such 
as KSA and MENA countries. Amputationfigures require 
very careful interpretation. Variations in the definition 
of amputation (i.e. major, above ankle; or minor, distal 
to ankle), selection of the population, and the choice of 
numerator and denominator make it difficult to perform 
comparisons. In addition to disease severity, many as- 
pects of the structure of care services affect this decision, 
including access to primary care, quality of primary care, 
delays in referral, availability and quality of specialist 
resources, and prevailing medical opinion. It follows that 
a high incidence of amputation can reflect a higher disease 
prevalence, late referral, limited resources, or a particularly 
interventionist approach by a specialist team.!® In KSA 
and perhaps most of MENA countries cultural, social and 
individual patient factors play a major role on the ampu- 
tations’ decision. This makes cross comparison between 
different data more complicated. However, amputations’ 
rates will definitely help as a base-line indicator! in the 
same country or similar countries that share racial and 
cultural backgrounds, and health care systems, such as 
those of MENA countries. The current study aims to raise 
the level of awareness in these countries about the need for 
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Riyadh KSA 
1,080 5102 
668 3616 
814 4325 
741 3970 


national registries for amputations among diabetics who 
represent 20% of their nations. 

It is estimated that 325 amputations are likely to be 
performed in Jeddah compared to 741 in Riyadh and 3970 
for the whole kingdom. These figures are less than the one 
quoted in media by 31%. This means an incidence rate of 
2.6 per 10000 people at risk. This rate is on the low side 
but within the range published in industrialized coun- 
tries, which ranged from 0.06 to 3.83 per 10 (3) people 
at risk.!8) The figures generated in the current study are 
for all amputations i.e. major and minor. According to 
our previous studies, major amputations accounted for 
45% and 38%” i.e. average of 41.5% are majors. Based 
on the current data, it can be predicted that 1647 major 
amputations are performed annually in KSA. 

Up to my knowledge, this is the first report which 
tried to predict the magnitude of the diabetes-related 
lower-extremity amputations rates in KSA and MENA 
countries and to challenge the figures quoted in media. 
However, it is still a “snapshot” on a complex health 
problem. However, there are significant limitations in 
this exercise. Firstly, it is based on the two studies of the 
author’s group. One of the two studies” was a retrospec- 
tive single center study, and the second,” a multi-central 
study. However, it was not as comprehensive as the others 
because it was conducted in only three major hospitals in 
Jeddah. Secondly, amputation figures were generated by 
diverse methods, which included amputations per hospi- 
tal beds, per operations and per admissions. The second 
reason may be a point of strength rather than weakness 
as using multiple methods of calculations will reduce 
the possibility of bias when only one variable is used. 
Finally, whatever is done will not replace the accurate 
data collection in a prospective setup. 

Intended future registries will hopefully establish, not 
only the overall future trends of amputation in general, but 
also the high-low amputation ratio, 1.e. the major: minorratio, 
which is important 1n proper evaluation of improvements 
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in care organization and multidisciplinary-centered proto- 
cols.'°?% Similar to developed countries?” such registries 
will give opportunities for cross-national learning to 
improve health system performance. It will also help in as- 
sessing the outcomes of newer modalities of treatment. 2# 

This work shows the difficulty and shortcomings of 
scattered data in the literature and will support the timely 
need for accurate data-base sources. United Nations 
Resolution 61/225, has already adopted unanimously in 
2006, recognizes diabetes as a serious and costly disease 
that poses a threat to individual well-being and economic 
progress, especially in low- and middle-income coun- 
tries." It also addressed the problems of data accuracy 
in less-developed countries by stating “In view of absence 
of transparency, public health services, national registries, 
national diabetes programs and national well-designed 
community studies, most of the available published data 
including those published by recognized international 
bodies are not accurate”.*>? 

In conclusion, half a million of MENA country citi- 
zens are likely to have a minor or major diabetes-related 
amputations according to the figures generated in the 
current study of KSA. Most of the amputees will not be 
rehabilitated and may lose their jobs or incomes. In view 
of this, national registries are urgently needed in KSA 
and MENA countries. 
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Surgical Procedures for Renal Artery Aneurysms 


Masatoshi Jibiki, MD, PhD, Yoshinori Inoue, MD, PhD, Toshifumi Kudo, MD, PhD, and 


Takahiro Toyofuku, MD, PhD 


Objective: The aim of this study was to assess the strategy and surgical procedures for treating a renal 


artery aneurysm (RAA). 


Patients and Methods: We retrospectively reviewed the surgical strategy for 21 cases with RAA between 
2001 and 2010 at this institution. Treatment was indicated for patients with an RAA larger than 2 cm 
and/or symptoms. Surgical treatment was the initial strategy, and coil embolization was indicated in the 
case of narrow-necked, saccular, extraparenchymal aneurysms. 

Results: Fifteen patients in 21 cases received an aneurysmectomy and renal artery reconstruction with an 
in-situ repair. One patient underwent an unplanned nephrectomy, and coil embolization was performed 


in 5 patients. 


Conclusion: In-situ repair was safe and minimally invasive. RAA, even in the second bifurcation, could 
be exposed by a subcostal incision, and the transperitoneal approach permitted the safe treatment of an 
RAA with acceptable results, in our simple preservation of renal function. 


Keywords: renal artery aneurysm, patch angioplasty 


INTRODUCTION 


R= artery aneurysms (RAAs) are uncommon. They 
re often identified incidentally during abdominal 
computed tomography (CT) screening for other diseases. 
In recent years, coil embolization or stent-graft with the 
coil embolization was successful for treating RAAs, but 
complex aneurysms may require aneurysmectomy and 
renal artery reconstruction by in-situ repair or ex-vivo. 
The aim of this study is to assess the strategy and surgical 
procedures for RAA in this institution. 


PATIENTS AND METHODS 


This study retrospectively reviewed the surgical strat- 
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egy applied in 21 cases with RAAs between 2001 and 
2010 in the department of Vascular Surgery of Tokyo 
Medical and Dental University. RAAs were diagnosed 
using CT and angiography, to assess the type of aneu- 
rysm, size, lesion, and association with branches of the 
renal artery. Renal function was evaluated using serum 
creatinine (Cr), the estimated glomerular filtration rate 
(eGFR) and renogram. Surgical treatment was indicated 
for patients with RAAs larger than 2 cm in diameter 
and/or symptoms (hematuria, back pain, uncontrolled 
hypertension in patients using antihypertensive drugs) 
and coil embolization was indicated in that case of 
narrow-necked, saccular, extraparenchymal aneurysms. 
The operation in in-situ repair was performed by subcos- 
tal incision and transperitoneal approach, and mannitol 
(0.5 g/kg) was administered before renal artery cross- 
clamping to preserve renal function. 

The branches of the renal artery were reconstructed 
using the pantaloon technique or end-to-end and end-to- 
side fashion when that case of the diameter of the renal 
artery branch with two branches was greater than 2 mm, 
and renal artery branch was sacrificed when the diameter 
of the branch was less than 2 mm. Operating time, blood 


137 


Jibiki M, et al, 


Table 1 The profile in 21 patients 
er 
gender (m:f) 11:10 p 
Location right: 10. left: H 
Size (mm) 28 + 12 
Asymptomatic patients 16 
Symptom pain: 5 





aae D 
ex-vivo repair—unplanned nephrectomy | 
in-situ repair 1S 
patch plasty 6 
primary closure 2 
end-to-end anastomosis with pantaloon 2 
end-to-end anastomosis with side-to-end 2 
end-to-end anastomosis | 
end-to-end anastomosis with ligation ] 
aorto-ePTFPE graft interposition | 
colled embolization 5 


loss, warm ischemic time, cold ischemic time and renal 
function between pre-operation and post operation were 
evaluated, All values are expressed as the mean + SD. 
The Mann-Whitney U test and paired t-test were used 
to evaluate the differences in variables. A p value less 
than 0.05 was considered to be a Statistically significant 
difference. 


RESULTS 


There were 21 cases that included 11 males and 10 
females with an average age of 62 + 10 years, (range: 
37-72 years). The RAAs ranged from 12 mm to 60 mm 
in diameter. All were saccular aneurysms (Table 1). 

In-situ repair was done in patients with the RAA, 
even if the RAA was located at the second bifurcation. 
Fifteen patients underwent an aneurysmectomy and renal 
artery reconstruction with in-situ repair via a subcostal 
transverse incision. Moreover, an ex-vivo operation was 
initially attempted in one patient. However, an unplanned 
nephrectomy was performed because the RAA had a 
diameter of 60 mm and involved four second branches 
and renal hypertension could have developed if renal 
branches were reconstructed. 

Surgical procedures were assessed. Many aneurysms 


eel ate el Pe A AE re E tt OE S pene np teen pe nee fafa nee pan E E SEE A AUR RY 


piecedunes in = a eee 
operation time (min) 209 + 49 237 +38 
operative blood loss (ml) 368 + 261 447 + 259 
warm ischemic time (min) 27220 2649 


were located between the first and second bifurcation. 
An aneurysmectomy and primary direct closer or patch 
angioplasty were usually pertormed if the renal artery 
aneurysm did not involve mary renal branches (Table 2). 

The operating time, warm renal artery clamping time 
and blood loss were 209 + 49 min (median: 212), 27 + 
20 min (median: 25) in fifteea cases, excluding the un- 
planned nephrectomy and 3€8 + 261 mL, respectively 
(Table 3). The postoperative course was uneventful in 
all cases. Moreover, Crs befcre and after the operation 
were 0.78 + 0.2 and 0.75 + 0.3 mg/dl, and eGFRs, 71 + 
16, 78 +28 mL/min/1.73m°, ie 15 cases that underwent a 
aneurysmectomy and renal artery reconstruction. Renal 
dysfunction was not significantly different. In addition, 
the primary patency rates in 15 reconstructed renal ar- 
teries with RAA were 100%. during a mean follow-up 
period of 32 + 19 months (rang, one month to 71 months). 

Coil embolization was performed in 5 patients due to 
narrow-necked, saccular rena. artery aneurysms, which 
were located at the first bifurcation of the renal artery. 
Those aneurysms were treated by coil exclusion of the 
aneurysmal sac using platinam Guglielmi detachable 
coils (GDCs 18 Boston Scienafic, USA) or Interlocking 
detachable coils (IDCs Boston Scientific, USA) delivered 
through a microcatheter and mo stents were used in five 
cases. An assisted balloon catheter (Attendant!™ 4.5 x 
10 mm) was used to decrease tlood flow in one case. Five 
patients were successfully treated without complications, 
renal insufficiency, or nephrec:omy. The Cr values before 
operation and after operation were 0.78 + 0.2 and 0.75 = 
0.3 mg/dl, respectively. There-was a mean follow-up pe- 
riod of 24 + 25 months (range one month to 67 months). 


DISCUSSION 


The RAAs were relatively “are, and the prevention of 
rupture was the most commomnindication for treatment of 
an asymptomatic RAA. Generally, the repair of a renal 
artery aneurysm has been recommended for aneurysms 
greater than 2.0 cm in diameter, with symptoms such as 


Annals of Vascular Diseases Vol.5, No.2 (2012) 


flank pain or hematuria, or renovascular hypertension 
due to the aneurysm.!- The RAAs of this studies were 
located in all but the first bifurcation to second bifurca- 
tion most of the patients in this series as well as in the 
reports by and another group.”>~”) And we could expose 
renal arteries by subcostal incision and transperitoneal 
approach much easily than by median incision. 

An end-to-end anastomosis or graft interposition was 
used depending on the location, and an end-to-end anasto- 
mosis with pantaloon, side-to-end anastomosis or branch 
ligation is used in case the artery feeds a small area or 
the diameter of the branch is less than 2 mm. Sometimes, 
the aortorenal bypass is done using a saphenous vein or 
ePTFE graft to shorten renal warm ischemic time.” 

This patch angioplasty was done in another group.” 
Pfeiffer et al.” reported no recurrence of aneurysms to 
be observed after tailoring in their series, and this may 
be because the aneurismal parts of the vessel wall were 
resected, leaving almost normal arterial wall next to the 
orifices of the branches. However, the mean follow-up 
period in the tailoring group was only 34.9 months, in 
comparison to 46 months for the entire series; therefore, 
tailoring could not be assessed sufficiently in terms of 
recurrent aneurismal dilatation with the current data. 
Patch angioplasty was applied in 6 cases in our study. 
This study was small numbers’ group but warm ischemic 
time was 27 + 20 min (n = 6), so these operations were 
accomplished with acceptable results in patch angioplasty 
and another way in this study. Patch angioplasty might 
be acceptable to prevent a portion of the suture to be nar- 
row, in cases where the aneurysm is located in the first 
to second bifurcation of the renal artery. 

A cold (4°C) renal perfusate of lactated Ringer’s solu- 
tion and administration of mannitol was used to cool the 
kidney and reduce the risk of acute renal tubular necro- 
sis.~!) Our study also did as well for renal preservation. 
Moreover, cooling of the kidney should be repeated if the 
reconstruction requires more than 30 minutes of ischemic 
time. A cold (4°C) Ringer’s solution of 40 mL was ad- 
ministered into the artery and 20~30g mannitol(0.5 g/kg) 
was administered before declamping the renal artery to 
reduce acute renal tubular necrosis in our study as well 
as in another study.!) Renal function could be preserved 
in these simple procedures. . 

There have been few recent reports of coil emboliza- 
tion for RAA, though the standard therapeutic method 
for IVR has been established.'2~!”) Endovascular therapy 
with coil embolization and preservation of renal blood 
flow may be considered as a realistic alternative surgery 
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in narrow necked, saccular, or extraparenchymal aneu- 
rysms.!® However, there are no reports that confirm an 
RAA was thrombosed, whether or not the expansion or 
rupture of RAA was prevented. The long-term results 
of coil embolization are not reported. So our follow-up 
period was only 19 + 28 months, we need to follow-up 
for many years. In addition, occlusion of the renal artery 
from migration of coils is a major complication associated 
with embolization.! There has been no rupture, enlarge- 
ment of the RAA and no renal dysfunction in the current 
series, and renal flow has been maintained. However, a 
careful follow-up is required for such RAAs. 


CONCLUSION 


This study assessed the surgical treatment of RAAs 
in this institution. RAA, even in second bifurcation, 
could be exposed by a subcostal incision, and the trans- 
peritoneal approach permitted the safe treatment of an 
RAA with acceptable results in our simple preservation 
of renal function. 
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Non-Contrast Renal MR Angiography: Value of Subtraction 
of Tagging and Non-lIagging Technique 


Takehiro Shimada, MD, Makoto Amanuma, MD, Ayako Takahashi, MD, and Yoshito Tsushima, MD 


Purpose: The aim of this study was to examine the usefulness of the subtraction technique of non-contrast 
renal magnetic resonance angiography (MRA) between tagged and non-tagged data collection. 
Material and Methods: We performed renal MRA on eleven healthy volunteers using a 3T MRI unit. For 
renal MRA, a three dimensional balanced type steady-state free precession (SSFP) sequence (True FISP, 
Siemens) was used with diaphragmatic navigator gating. We tried to acquire selective arterial images by 
subtracting black-blood images (tagged images, on which arterial longitudinal magnetization was nearly 
zero by selective inversion of upper-stream aortic flow) from bright-blood images (non-tagged images, on 
which arterial flow is bright due to inflow effect). For analysis, two radiologists independently evaluated 
the visual quality of the axial and coronal targeted maximum intensity projection images (MIP) of original 
bright-blood MRA and subtraction MRA. 

Results: Visualization of the main stem of the renal arteries and their 1st branches were satisfactory on 
both techniques, and there was no statistically significant difference. The score of 2nd branch appeared 
superior with the subtraction method, but only the right side showed a statistically significant difference 
(P <0.01). Visualization of small intraparenchymal arteries was significantly superior with subtraction 
method on both sides. 

Conclusion: We tried to improve selective demonstration of renal arterial branches using subtraction 
technique. Although full sequence optimization was not performed, this pilot study showed this technique 
to be slightly time-consuming but superior in visualization of peripheral branches and possibly more 
sensitive in detecting small vessel abnormalities. 


Keywords: magnetic resonance angiography (MRA), renal artery, non-contrast technique, 3T 


MRI, SSFP imaging 


INTRODUCTION 


E the diagnosis of renal artery stenosis, catheter an- 
giography has been considered the gold standard, but 
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contrast-enhanced computed tomographic angiography 
(CTA) and magnetic resonance angiography (MRA) have 
replaced it in recent years.!~) Catheter angiography is a 
highly invasive technique, and iodinated contrast mate- 
rials carry the risk of side effects such as renal toxicity 
and allergic reactions.” Gadolinium contrast agents also 
carry the risk of acute side effects, and NSF (nephrogenic 
systemic fibrosis) is also a concern in patients with renal 
dysfunction.°-® 

More recently, MRA without contrast agents has 
become increasingly common in the clinical setting, not 
only in head and neck region, but also in the body and 
extremities.” Excellent image quality has been reported 
in renal MR angiography on 1.5T MR units, and the 
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Table 1 Imaging parameters for steady-state free perception 


ete ene tte AAI a Ata Nk Rw pt e A IAS ET ERREA AIOE OO RnR ENON el AV AAA A ah tn ERR 


TR/TE/FA 1.4/1.68/90 
TI 1.28 sec 
receiver bandwidth 783 Hz/pixel 
slab thickness 100 mm 
slice thickness 0.9 mm 
field of view 251 x 350 mm 
resolution OFX TIS 127 
paraliel imaging factor 2 


usefulness of MRA of the head in higher field units has 
been established.” Lanzman et al. reported the useful- 
ness of non-contrast renal MRA performed on a 3 Tesla 
unit.'"!) The report suggests superior image quality in 
higher field units is due to both an increase of blood signal 
and a decrease of retroperitoneal tissue signal. Blood flow 
signal from the inferior vena cava and renal vein are sup- 
pressed by inversion pulses, but inadequate suppression 
may occur in some cases due to higher velocity blood 
flow. These may increase signal intensity around the renal 
arteries, impairing depiction of peripheral branches on 
non-contrast MRA. 

In contrast-enhanced MRA, subtraction technique 
between 3D slabs before and after contrast administration 
is routinely performed for improving vascular visualiza- 
tion.!*!4) In this technique, if data acquisition timing is 
not optimal and renal parenchyma becomes enhanced, 
selective visualization of the renal artery 1s impeded. 
However, with appropriate data acquisition timing, excel- 
lent selective visualization is possible. On the other hand, 
the subtraction technique is also feasible on non-contrast 
MRA, by obtaining images with and without tagging of 
upper-stream arterial flow.!® Subtraction MRA may, in 
fact, be more suitable for this technique than contrast- 
enhanced MRA, because there is no major difference in 
the renal parenchyma signal between images with and 
without flow tagging for the former. The aim of this study 
was to examine the usefulness of subtraction technique 
of non-contrast renal MRA. 


MATERIAL AND METHODS 


This study was approved by our institutional review 
board, and informed consent was obtained from all 
subjects. 

We performed renal MRA on eleven healthy volunteers 
(seven men and four women; age range, 24-49 years; 
mean age 30.6 years; body weight range, 45 to 80 kg: 
mean, 60.3 kg) using a 3T MRI unit (Magnetom Trio 3T, 


Siemens AG, Erlangea, Germany) in Gunma University 
Hospital from March 2011 to May 2011. An eight-channel 
phased array coil was used with a spinal matrix coil. 
For renal MRA, a three dinsensional steady-state free 
precession (SSFP) sequence {True FISP, Siemens) was 
used with diaphragmatic nav gator gating. For navigator 
gating, a two-dimensional se:ective pencil-beam excita- 
tion pulse was used to detect the position of the right 
hemidiaphragm during normal breathing. Data were 
obtained during expiration, daring which diaphragmatic 
motion would be minimal. Navigation pulses were placed 
to avoid excitation of the right kidney. 

Detailed imaging parameters are shown on Table 1. 
For all MRA studies, a single three-dimensional slab 
was placed in a transaxial plane. We tried to acquire 
selective arterial images by subtracting black-blood 
tagged images from bright-blood non-tagged images. 
The bright-blood images are the same as those of the 
commonly used non-contras. MRA technique, depict- 
ing the arterial flow entering the imaging slab as high 
signal. Background signal suppression was performed 
by a selective inversion pulse covering the slab. After the 
180-degree pulse, the background static tissue recovers 
and its longitudinal magnetization decreases toward the 
null point. To suppress the fat tissue signal, an additional 
frequency selective fat saturation pulse was applied just 
before data acquisition. The black-blood images were 
acquired in an identieal marner, except for additional 
suppression of arterial inflow by applying a tagging pulse 
covering the heart. 

The resulting time mterval between the first inversion 
pulse and effective echo time was set at 1280 msec.!?!® 
Finally, we subtracted the twc image sets, and visualiza- 
tion of renal arterial branches was subjectively analyzed. 

For analysis, two radiologists independently evaluated 
the visual quality of the axial end coronal MIP image set. 
Original bright-blood MRA and subtraction MRA were 
mixed and randomly ordered for evaluation. The image 
quality was evaluated at four segments: a) main trunk of 
renal artery; b) Ist branches (ventral and dorsal branch); 
c) 2nd branches; d) arcuate arteries. The quality of visual- 
ization was scored using a three-point-scale: 3, continuity 
and luminal dimension ef artery can be evaluated with 
confidence; 2, artery is depicted, but difficult to evalu- 
ate continuity and luminal damension with confidence; 
l, poor (arteries are not visibe or difficult to evaluate). 
Statistical comparison was made with Wilcoxon rank 
test. A P-value less than 0.05 was considered statistically 
significant. 
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Table 2 Statistical evaluation of visualization score 


Right main Leftmain Right Ist 


Part of renal artery 


trunk trunk branch 
bright-blood mean score PE 3.00 2.36 
subtraction mean score 3.00 2.91 2.64 
P value NA NA NA 








Left Ist Right 2nd Left 2nd Rightarcu- Left arcu- 
branch branch branch ate artery ate artery 
2.10 1.82 2.00 1.18 1.18 
2.82 2.36 2.36 1.9] 1.64 
NA <0.01 NA <().01 <0.01 








Fig. 1 30 year-old male volunteer. Coronal maximum intensity projection (MIP) images of 
original bright-blood MRA (a) and subtraction MRA (b). Though main trunk and Ist 
branches of renal arteries in both images are depicted equally, 2nd and more peripheral 
branches are more clearly demonstrated on subtraction MRA. 


RESULTS 


Visualization of the main stem of the renal arteries and 
their Ist branches were satisfactory on both techniques, 
and there was no statistically significant difference. The 
score of 2nd branch appeared superior with the subtrac- 
tion method, but only the right side showed a statistically 
significant difference (P <0.01). Table 2 shows the results 
of statistical evaluation of visualization score. Visualiza- 
tion of small intraparenchymal arteries was significantly 
superior with subtraction on both sides (Fig. 1). High 
intensity of the inferior vena cava was seen in six out of 
eleven cases on bright-blood images, overlapping and 
sometimes obscuring the Ist or 2nd branches of the right 
renal artery on coronal images. On the other hand, there 
was no observable signal from the inferior vena cava 
on subtraction images (Fig. 2). Actual imaging time of 
bright-blood images and black-blood images were 6:29 to 
9:35 (mean time 7:59) and 5:27 to 11:02 (mean time 7:28). 


DISCUSSION 


The renal artery is a major branch of the aorta, and 
various vascular lesions may develop in this vessel. 
Renovascular hypertension is most frequent cause of 
secondary hypertension, and diagnosis of the disease is 
very important clinically.'”) Atherosclerotic renal artery 
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stenosis tends to induce a narrowing of the main stem 
lumen,!® while fibromuscular dysplasia usually involves 
the distal part of main stem.'” Polyarteritis nodosa occurs 
in the peripheral branches of the renal artery.*” Thus, it 
is important to visualize the entire renal artery, including 
the small intraparenchymal branches. 
Three-dimensional fast gradient echo with contrast 
media has been the mainstream of renal MRA. However. 
since nephrogenic systemic sclerosis (NSF) associated 
with the use of gadolinium contrast agents has been 
widely reported, it is virtually impossible to use contrast 
agents in patients with renal impairment.®® While re- 
novascular hypertension caused by renal artery stenosis 
does not necessarily lead to renal failure, atherosclerosis 
is the most common disease of the systemic arteries. 
making it a frequent cause of renal impairment. 
Non-contrast MRA appears attractive as a solution 
of these problems. Recent developments of non-contrast 
MRA techniques are remarkable. In addition to the con- 
ventional time-of-flight and phase contrast techniques, 
use of the ECG-gated partial-Fourier fast spin echo 
technique for evaluating the upper and lower extrem- 
ity arteries has become clinically widespread.’*) In 
renal MRA, the steady-state data collection described 
above, combined with respirator 
high-resolution blood vessel images without respiratory 
movement.!®: 


gating, can provide 


21-25) We tried to completely suppress the 
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Fig. 2 29 year-old female volunteer. 





Coronal MIP image in the original image (a) demonstrates a focally obscured right 
renal arterial main stem due to overlapping IVC (arrowheads). On the other hand, the 
continuity of both renal arteries is preserved at subtraction image (b). 

The continuity of 1“ and other peripheral branch of left renal artery is better depicted 
in subtraction image compared with bright-blood image (white arrows). 


background signal of both images before subtraction. If 
the imaging slabs were completely identical, the signal 
suppression of venous structure or renal parenchyma 
before subtraction would not be so important. However, 
to avoid possible misregistration or intestinal peristalsis 
between images, we thought it would be best if the back- 
ground signal were reduced as much as possible, even 
before the subtraction. 

In this study, although the proximal renal arterial seg- 
ments were readily demonstrated on the conventional 
technique, smaller peripheral branches were more confi- 
dently evaluated on subtraction images. The results were 
considered to be due to superior background suppression 
and resulting higher contrast on subtraction MRI. 

The major drawback of the subtraction method is 
prolongation of imaging time. Simultaneous imaging of 
black-blood images and bright-blood images by inter- 
leaved mode would be desirable but unrealistic due to 
the nature of the steady-state technique, and two different 
acquisitions are needed. Gross patient motion between the 
two sets of images would cause spatial misregistration, 
resulting in artifacts possibly interfering with image as- 
sessment. However, the signal of renal parenchyma is not 
necessarily high, and the signal of surrounding adipose 
tissue is well suppressed, making misregistration effect 
considerable enough to prevent depiction of vessels less 
likely to occur. The problem of imaging time may even- 
tually be overcome by more advanced hardware or more 
sophisticated data acquisition techniques. 

There are several limitations in this study. All subjects 
were healthy and relatively young. Non-contrast MRA 
depends on the flow velocity of target vessels, but renal 
artery flow tends to be slower in patients (including but 
not limited to those with renal impairment). Furthermore, 
the success rate of navigator gated MR images tends to 
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lower in patients and the elderly. Therefore, misregistra- 
tion artifact due to respiratory gating would likely be 
higher in the actual clinical setting. 

Second, the timing of inversion pulse application was 
not optimized on this study. Although we used the same 
imaging parameters both for bright blood and black blood 
images, optimal parameters would not necessarily be 
identical. The bright blood technique requires increased 
signal of distal branches, so a longer TI time may be 
suitable. On the other hand, the black blood technique 
requires the perfect nulling of arterial signal, so a shorter 
TI might be preferable. Detai ed optimization would be 
necessary for actual clinical use, and we are currently 
investigating sequence optim zation. 


CONCLUSION 


We tried to improve selective depiction of renal MRA 
with subtraction. Although it :s slightly time-consuming 
and its clinical utility may be currently limited, it provides 
superior visualization of peripheral branches even in this 
pilot study. Further sophistication of the technique would 
make it even more sensitive in detecting small vessel 
abnormalities and promising ‘or clinical use. 
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Clinical Results of Endovascular Abdominal Aortic 
Aneurysm Repair in Patients with Renal Insufficiency 
without Hemodialysis 
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Kazuomi Iwasa, MD,? Ryota Fukunaga, MD, PhD,!' Sosei Kuma, MD, PhD,' Takuya Matsumoto, MD, PhD,? 
Jin Okazaki, MD, PhD,! and Yoshihiko Maehara, MD, PhD? 


Objective: Chronic renal insufficiency may be a relative contraindication to endovascular aneurysm repair 
(EVAR) for the use of contrast enhanced mediums. It is thought that more contrast enhanced media are 
needed in patients who are not anatomically suitable for EVAR, because of procedural difficulties. We 
reviewed a 2 year EVAR experience at our institution to determine whether the procedure and use of 
contrast enhanced mediums has any deleterious effect on renal function in patients with pre-existing 
chronic renal insufficiency. 

Materials and Methods: EVAR was performed in 46 patients with pre-existing chronic renal insufficiency 
without hemodialysis. Patients were retrospectively assigned to two groups on the basis of their 
preoperative creatinine clearance levels. Furthermore, patients were assigned to two other groups on 
the basis of anatomical suitability for EVAR. The absolute change in the serum creatinine (Cr) level was 
reviewed in the each renal insufficiency group between the preoperative and post-operative time periods. 
Results: No increase in the serum Cr level was noted, and no patient required temporary or permanent 
hemodialysis, in any of the groups. 

Conclusions: EVAR with contrast agents can be accomplished in patients with chronic renal insufficiency 


without hemodialysis; therefore,elevated Cr levels maynot be a contraindication in EVAR. 


Keywords: endovascular, aneurysm, renal insufficiency, contrast enhanced medium 


INTRODUCTION 


O: the past decade, endovascular aneurysm repair 


(EVAR) with intra-arterial contrast enhanced medi- 
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ums has become the predominant method in the treatment 
of infrarenal abdominal aortic aneurysms (AAA). Despite 
recent, prospective studies that have demonstrated better 
outcomes after EVAR in the perioperative and intermedi- 
ate time periods, concerns remain about the long-term 
durability and safety of EVAR." ®? 

EVAR requires intra-arterial administration of contrast 
enhanced mediums, which can cause impaired renal func- 
tion, leading to end-stage renal disease. The incidence 
of contrast-induced acute kidney injury is low (2%) in 
the general population, but it is high in serum creatinine 
(Cr) at-risk groups of patients.’ One patient population at 
increased risk for perioperative complications after open 
or endovascular repair is the group with baseline renal 
insufficiency. Renal insufficiency is a well-recognized 
complication after open aortoiliac aneurysm repair. 
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However, the effects of EVAR on renal function in these 
patients remain uncertain. Chronic renal insufficiency 
is a relative contraindication in the use of intra-arterial 
contrast enhanced mediums and is thought to further 
increase the risks of EVAR. Although recent studies have 
shown that progressive renal dysfunction may develop 
in patients after EVAR, data are conflicting with regard 
to the effects of EVAR on renal function compared with 
standard open repair.“ 

In addition, EVAR is usually possible if patients have 
the appropriate anatomical morphology. It is thought that 
more contrast enhanced media is needed for patients who 
were not suitable for EVAR, because their procedures are 
more difficult and additional devices are used. 

The purpose of this study was to compare the effects 
of EVAR on renal function in patients with pre-existing 
renal insufficiency. We reviewed a 2 year experience 
with EVAR at our institution to determine whether the 
procedure, when performed with intra-arterial contrast 
enhanced mediums, has any deleterious effects on the 
renal function in patients with pre-existing chronic renal 
insufficiency. 


MATERIALS AND METHODS 


From April 2009 to March 2011, patients with an AAA 
larger than 5 cm in diameter, with and without iliac in- 
volvement, were eligible for EVAR. Patients at high risk, 
with severe cardiopulmonary disease, hostile abdomen, 
or other major comorbid conditions, were offered treat- 
ment with a variety of commercial endografts, including 
the Excluder (W. L. Gore & Associates, Flagstaff, Ariz), 


Zenith (Cook, Bloomington, Ind) and Powerlink System 


(Endologix, Irvine, Calif). 

We performed EVAR using the almost same procedure 
that has been described previously.!) Distal fixation sites 
were usually the common iliac artery. MReye emboliza- 
tion coils (Cook) were mostly used to exclude flow to 
the hypogastric arteries intraoperatively when the distal 
fixation site was the external iliac artery. 

In patients with chronic renal insufficiency, periop- 
erative intravenous hydration with 0.5—I1L of normal 
saline solution plays a well-established role in reducing 
the risk of nephropathy induced by contrast medium. 
In addition, the administration of all nephrotoxic drugs 
was discontinued. Non-ionic contrast medium Iohexol 
(Omnipaque 300), thought to be the more suitable con- 
trast medium, was used.” Furthermore, to minimize the 
cumulative nephrotoxic effects of intravascular contrast 
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agents, intraoperative imaging, including arteriography 
and intravascular ultrasounds (Volcano s5 Imaging 
System), were used for target site identification, landing 
zone measurement, neck quality analysis, preprocedural 
quality assessment, and trouble-shooting during EVAR.” 

A retrospective review was performed from the charts, 
surgical reports, and laboratory data of these patients. 
In the initial post-operative period, the serum Cr was 
measured on post-operative days 1, 2 and 7. Patients with 
worsening renal function, illustrated by an increase in 
serum Cr, were observed for daily serum Cr measure- 
ment until acute tubular necrosis resolved or improved. 
Creatinine clearance (CCr) indicated the measure of 
glomerular filtration rate (GFR), and was calculated 
with the Cockroft-Gault formula: CCr = (140 — Age) x 
Weight (kg) (0.85 if female)/ (72 x Serum Cr [mg/dI]).!” 

Patients were retrospectively assigned to two groups 
based on their preoperative CCr: group I (n = 31) who 
had CCr 30 to 50 mL/min and group II (n = 15) who 
had CCr less than 30 mL/min. None of the patients had 
a history of hemodialysis. Exclusion criteria included 
chronic renal insufficiency requiring hemodialysis, and 
symptomatic high-grade renal artery stenosis requiring 
renal angioplasty and stenting. And the patients were 
excluded if there was coiling of hypogastric arteries the 
day before operation. 

EVAR is usually possible if patients have appropriate 
anatomical morphology. Patients who were suitable for 
EVAR have been thought to have a reduced procedural 
length, fewer transfusion requirements, and less morbid- 
ity." In a different viewpoint, we then further divided 
the patients into two groups according to the anatomi- 
cal suitability criteria, which included an aortic neck 
diameter of 18-28 mm, neck length more than 15 mm, 
neck angulation less than 60 degrees, iliac diameter of 
7.520 mm, and a length of the iliac sealing zone more 
than 10 mm. Relative contraindications to endovascular 
repair, such as the thrombus load within the aortic neck 
were not considered.!*) Patients who have appropriate ana- 
tomical morphology for EVAR were included in group A 
(n = 25), the other patients were included in group B 
(n = 21). 

Statistical analyses were performed with the t-test and 
Fisher’s exact test, and statistical significance was defined 
when the P value <0.05. 


RESULTS 


Forty-six patients with renal insufficiency who were 
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Table I 

Groupl Groupll 
Factors 30<CCr<50 CCr<30 P value 

(N = 31) (N= 15) 

Ee ELEA EE ENE ETET n aa aT cr ie sete: 

DM(%) 19.4 ts N.S 
AAA size(mm) 53.2 55.8 N.S 
Operative time(min) 165.8 1417 NLS 
Contrust agent(mL) 100.2 92.7 NLS 


DM: diabetes mellitus: AAA: abdominal aortic aneurysm 


not receiving hemodialysis underwent EVAR using an 
intra-arterial contrast enhanced medium over the 2 year 
period. The mean follow-up was 6.3 months. 

All patients had pre-existing chronic renal insuf- 
ficiency with baseline CCr of either 30 to 50 mL/min 
(group I) or less than 30 mL/min (group IH). The aver- 
age patient age was 79.4 years. Co-morbid conditions 
included diabetes mellitus (8 of all 46 cases; 17.4%). 
The mean diameter of the AAA was 55.4 mm. A total of 
25 cases were treated with Excluder (W. L. Gore & As- 
sociates, Flagstaff, Ariz); 19 cases, with Zenith (Cook, 
Bloomington, Ind); and 2 cases, with the Powerlink Sys- 
tem (Endologix, Irvine, Calif). Six patients had an aor- 
toiliac aneurysm that extended to the iliac bifurcation, so 
coil embolization of the hypogastric artery was performed 
with MReye embolization coils (Cook), intraoperatively. 

The mean intraoperative contrast agent administration 
was 97.7 mL during EVAR. The preoperative aneurysm 
diameter, duration of surgery, prevalence of co-morbid 
conditions, and amount of intraoperative contrast agent 
administration are summarized in Table 1. 

Changes in renal function were evaluated by compar- 
ing preoperative with the latest available postoperative 
serum Cr. Patients with a 20% or greater increase in 
serum Cr were not recognized. Five patients with a 10% 
or greater increase in serum Cr were defined to have 
impaired renal function. 

The absolute change in serum Cr in the each renal 
insufficiency group between the post-operative and pre- 
operative time periods was similar (Table 1 and Fig. 1). 

We hypothesized that patients who were identified 


on anatomical criteria, needed a larger volume of intra- 
operative contrast agent compared with patients having 


suitability for EVAR (group A, n = 25). Contrary to our 
hypothesis, differences in the volume of contrast needed 
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Cr 
(mg/dL) 








Pre-ope dayi day? 


Fig. 1 All patients had pre-existiag chronic renal insufficiency 
with baseline CCr of 30 te 50 mL/min (group I) or less 
than 30 mL/min (group Il}. The absolute change in the 
serum creatinine level in each renal insufficiency group 
between the post-cperative and preoperative time periods 
was similar between groups. 


did not reach statistical significance among the groups. 
Significantly fewer additional devices, such as an aortic 
extension graft and a bare stent, were needed for patients 
with anatomical suitability for EVAR (group A) (0.7 
versus 1.5: P = 0.02). In patients who were anatomically 
suitable for EVAR (group A), the CCr tended to be higher 
in the preoperative period (38.! mL/min) compared with 
the group of patients who were deemed anatomically un- 
suitable for the procedure (group B) (33.8 mL/min, though 
this difference was net significant; Table 2) however, 
there were no statistically significant differences in serum 
Cr levels during the preoperative, post-operative, or the 
follow-up periods (Table 2 and Fig. 2) in these patients. 

To reduce the cumulative nephrotoxic effects of intra- 
vascular contrast agents in patients with severe, chronic 
renal insufficiency, intravascular ultrasounds (Volcano 
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Table 2 
GroupA GroupB 
Factors Suitable Not suitable P value 

(N = 25) (N = 21) 
CCr(mL/min) 38.1 33.8 N.S. 
Age(years) 79,7 79.2 N.S. 
DM(%) 28.0 4.8 N.S. 
AAA size(mm) 53.1 58.0 0.03 
Operative time(min) 153.4 163.4 N.S. 
Contrust agent(mL) 101.6 93.1 N.S. 
Extension(numbers) 0.7 LS 0.02 


Anatomical suitability for EVAR 


aortic neck diameter of 18-28 mm, neck length >15 mm, neck angulation <60, 


iliac diameter of 7.5-20 mm, length of iliac sealing zone >10 mm 


Gr 
(mg/dL) 


2.5 









We ae On On On On ae om TD TO Gb tos en ee ee A 


—@—=Su i table 
== Not suitable 


Pre-ope day] day7 


Fig. 2 In group A, which were anatomically suitable for EVAR, 
the CCr tended to be higher in the preoperative period 
compared with the unsuitable group (group B), however, 
there were no Statistically significant differences in serum 
creatinine levels observed during the preoperative, post- 
operative, or the follow-up periods. 


s5 Imaging System) were used for 4 cases (of 46 cases: 
8.7%), performing arteriography using only a minimal 
volume of contrast enhanced medium after the device 
is in place, near the level of the renal arteries; and not 
performing contrast-enhanced imaging studies after the 
operation. We have also performed color flow duplex 
ultrasound as the surveillance method post-EVAR to 
reduce the amount of contrast enhanced medium used 
in these patients. 

None of the patients in our study required temporary 
or permanent hemodialysis during the follow-up period. 
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DISCUSSION 


Over the past decade, EVAR, which provides a less 
invasive alternative to open AAA repair, has become an 
established method for aortoiliac aneurysm repair. -®) 
EVAR requires intra-arterial administration of radio- 
graphic contrast enhanced mediums, which can cause 
impaired renal function, thus leading to end-stage renal 
disease. Chronic renal insufficiency is a relative contra- 
indication to the use of intra-arterial contrast enhanced 
mediums and is thought to further increase the risks of 
EVAR. 

Renal insufficiency is a well-recognized complication 
after open AAA repair; its incidence after EVAR remains 
poorly documented. The incidence of worsening renal 
function in patients undergoing open surgical AAA repair 
with normal preoperative renal function was found to be 
5.4%, and increases two- to three-fold in patients with 
pre-existing chronic renal insufficiency. Mortality 
with associated renal failure in patients undergoing EVAR 
with and without pre-existing chronic renal insufficiency 
has been reported to be 47% and 3%, respectively.!”) 
Acute renal failure requiring hemodialysis has been 
reported to complicate the course of 0.5% to 2% of pa- 
tients undergoing elective AAA repair, with associated 
in-hospital mortality ranging from 25% to 66%.!:18-26) 
Contrary to that report, our findings demonstrated that 
at 7 day after the operation, the incidence of a 10% or 
greater increase in serum Cr over the preoperative level 
was 10.9%, which was significantly lower in comparison 
to the previous report. 
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It was previously reported that chronic renal insuf- 
ficiency increases the incidence of contrast-induced 
nephrotoxicity. High osmolar contrast agents, dehydra- 
tion, nephrotoxic drugs, and diabetes mellitus further 
increase the risk for worsening renal failure. Nephropathy 
induced by contrast enhanced media is defined as an 
impairment in renal function that occurs within 48 to 72 
hours of giving contrast enhanced medium. This impair- 
ment is characterized by an increase in serum Cr of at 
least 0.5 mg/dL, or 25% above the baseline. Cr typically 
peaks three to five days after contrast administration and 
returns to baseline values within two weeks. We focused 
a great deal of interest on the serum Cr at post-operative 
days 1, 2 and 7. 

However, serum Cr ts a poor indicator of renal func- 
tion. The best measure of renal function-——and, therefore, 
the risk of contrast nephropathy—~is the glomerular 
filtration rate. The rate can be estimated from serum Cr 
using the Cockroft-Gault formula or by modification of 
diet in the renal disease formula. It is especially useful to 
estimate the GFR in patients with borderline serum Cr, a 
value of less than 60 mL/min predicts increased risk of 
contrast nephropathy.’*”) 

EVAR is usually possible if patients have appropriate 
anatomical morphology. Patients who are suitable for 
EVAR had been thought to have a reduced procedural 
length, decreased transfusion requirements and require 
lower amounts of contrast enhanced mediums. In our 
study, it was a most notable point that no statistically 
significant differences were found in the duration of 
surgery or the amount of contrast agents needed between 
the groups, despite additional devices needed for patients 
with inappropriate anatomical morphology for EVAR. 
Patients who were suitable for EVAR tended to indicate 
higher CCr in the preoperative period compared with 
patients who were not suitable for EVAR (not statisti- 
cally significant), however, there were no statistically 
significant differences in serum Cr levels during the 
preoperative, post-operative, or the follow-up periods. 

Our findings demonstrate that with perioperative 
precautions, including adequate intravenous hydration, 
use of low osmolar contrast agents, and avoidance of 
nephrotoxic drugs, the risk for worsening renal failure 
is low and not significantly increased in patients with 
pre-existing chronic renal insufficiency compared with 
patients with normal renal function. The incidence of 
post-operative complications between the study groups 
was not significantly different. In patients with chronic 
renal insufficiency who do not require dialysis, EVAR 
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with intra-arterial contrast enaanced media can be per- 
formed with a limited and acceptable morbidity and mor- 
tality. With appropriate precautions, elevated Cr levels 
need not be a contraindication to the use of intra-arterial 
contrast enhanced mediums m EVAR. In addition, we 
have preferentially used duplex ultrasound imaging to 
evaluate maximum aneurysm diameter and presence of 
an endoleak in the follow-up period after EVAR. 

Considering our results, the mean intraoperative con- 
trast agent administration was 97.7 mL during EVAR, 
acceptable amounts of contrast enhanced mediums was 
about 100 mL for patients withypre-existing chronic renal 
insufficiency. However, in orcer to recommend precise 
tolerance level of contrast media in EVAR, further inves- 
tigation in a larger number of patients is needed to assess 
the short-term and long-term results. 


CONCLUSION 


Endovascular repair of abcominal aortic aneurysms 
in patients with pre-existing senal insufficiency can be 
performed safely with preservation of renal function, 
however, patients with pre-existing renal insufficiency 
continue to be at risk for progressive renal dysfunction, 
and protective measures shouid be taken to preserve re- 
nal function in this patient population. With appropriate 
precautions, including limiting the volume of nonionic 
contrast agents, chronic rena. insufficiency, therefore, 
need not be a contraindicatien for EVAR with intra- 
arterial contrast agents, even # the patients did not have 
anatomical suitability for EVAR. 
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Objective: Early outcomes of open abdominal repair (OS) versus endovaseular repair (EVAR) for 
abdominal aortic aneurysm were retrospectively analyzed, after commercialized devices for EVAR had 
become available in Japan. 

Patients and Methods: A total of 781 consecutive patients (OS, n = 522; EVAR, n = 259) were treated at 
ten medical centers between January 2008 and September 2010. The OS group comprised patients with 
preoperative shock (SOS, n = 34) and without shock (NOS, n = 488). 

Results: Patients in the EVAR group were 3 years older than those in the NOS group. There was greater 
prevalence of hostile abdomen, on dialysis, chronic obstructive pulmonary disease on inhaled drug, and 
cerebrovascular disease in the EVAR group than in the NOS group. Surgical mortality was 16 cases (2.0% 
in all patients, EVAR: 0.8%, NOS: 1.4%, SOS: 21%). Hospital stay >30 days was documented in 52 (11%) 
with NOS, 11 (33%) with SOS, and 8 (3%) with EVAR. Thirty late deaths included 6 aneurysm related 
death and 14 cardiovascular causes at a mean follow up of 1.0 year. The survival rates freedom from all 
cause death at one year, were 95 + 1% in NOS and 94 + 2% in EVAR respectively. 

Conclusion: Though significant differences in patient characteristics among three groups were noted, 


early results were satisfactory. 


Keywords: abdominal aortic aneurysm, endovascular aneurysm repair, open surgical repair, 


multicenter cooperative study, less invasive approach 
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INTRODUCTION 


S ince commercial devices o treat endovascular aneu- 
rysm repair (EVAR) for irfra-renal abdominal aortic 
aneurysm (AAA) were approved for use in Japan in 
June 2007, both patients and ohysicians had acquired to 
choose appropriate treatment from two modalities, open 
surgical repair (OS) and EVAR. The relative advantage 
of each treatment strategy was disputed in Europe and 
North America including three prospective randomized 
trials. -®© However, there is nc such trial conducted at the 
moment in Japanese population. In addition, contemporary 
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left. Number of cases in each medical center and its ratio of EVAR to total cases. 


EVAR: endovascular aneurysmal repair 


reports regarding open surgical repair of infra-renal AAA 
were scarce”®) after EVAR was introduced into Japan. A 
nationwide survey by the Japanese Society for Vascular 
Surgery provided valuable information over several years, 
though it is voluntarily collected and thus, potentially 
biased.” Ten medical centers of the National Hospital 
Organization (NHO) conducted a multicenter cooperative 
study to register AAA cases retrospectively. The interim 
goal of the present study was to report differences in 
patient backgrounds and preoperative surgical risks, as 
well as to compare treatment outcomes between two 
treatment modalities. 


METHODS 


The study was conducted at 10 national medical centers 
participating NHO network study (Fig. 1a). It was a retro- 
spective observational study to review and collect clinical 
data of AAA cases. All 10 databases were gathered to one 
large database of registration, which was analyzed. The 
study was approved by human rights ethical committee and 
the institutional review boards at each participating center. 
Progress of the study was assessed annually, and extension 
of the study was approved by central human rights ethical 
committee of NHO. All 10 participating institutions dis- 
played the notice that they joined the NHO network study 
of AAA in the center according to the ethical guidelines for 
epidemiological research published by the Ministry of Ed- 
ucation, Culture, Sports, Science and Technology, and the 
Ministry of Health, Labor and Welfare in Japan.!” Patient 
registration Patient registration and management of the 
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database were detailed elsewhere.!” In brief, indications for 
treating AAA were as follows: maximum external diam- 
eter>5 cm or 4-5 cm with rapid enlargement, or saccular 
morphology, which carried a high risk of rupture. Some 
patients were treated for main location of common iliac 
artery aneurysm if their maximum size were more than 
twice the normal diameter. Each patient had a preoperative 
examination, including a multi-detector CT examination, 
according to the requirements of each participating center. 
The choice of treatment modality, EVAR or OS, depended 
upon the decision of surgeons and endovascular therapists 
(Fig. 1b). A total of 110 preoperative, intra-operative, and 
postoperative variables were collected. Parameters were 
selected, based on 10 risk scores previously published, 
for predicting risks of open abdominal repair of AAA.’ 
After anonymization in a linkable fashion, all databases 
at 10 centers were connected into a large database at the 
Nagara Medical Center, which was shared by participants 
at ten NHO medical centers. From January 2008 through 
September 2010, a total of 786 patients were treated and 
registered, Of these patients, 5 had concomitant surgeries, 
such as coronary bypass surgery, or had scheduled sur- 
gery, which was not associated with AAA repair during 
the same hospitalization; thus, they were excluded from 
the present analysis. Accordingly, the study population 
was 781 patients. Of these, 259 patients underwent EVAR 
(EVAR group), and 522 patients had open surgical repair 
(OS group). In the OS group, 34 patients experienced pre- 
operative shock due to a ruptured AAA and were treated 
emergently (SOS group), while the rest of 488 patients were 
treated electively without shock (NOS group). 
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Table 1 Patient characteristics 


seas AARAA coe Salar ELE ASTI AAI IVEN VAEN: viens ee Vaaa emea ieam AnA enum SAAA eth es VAVEWAYAS SASL AAAS ep cede date AA a AAA MLAS EEE ANTE NOE AP DAANAN BEEE Lt nt ANIMA tan eee yan navn meenten aema etma af cut eatea Aadatan ananena a sraa avae van VICIOAEIMAMELA WIM WYIAVESVIOY nave RYE rean w parana avea 


OS SOS NOS EVAR P value 
n = 522 n= 34 n= 488 n= 259 (NOS Vs EVAR) 
ee NLE Ne ae ae O ee eee a wee Ter etre a | aan eile i ie 
Age >80 year old # 129 (25%) 14 (41%) 15 (24%) 10® (42%) <0.001 
Maximum diameter of aneurysm (mm) IA 68 + 17 $3411 5° +10 <0.00] 
Gender (male sex) 8 (80%) 23 (68%) 395 (81%) 21€ (83%) 0.3010 
BMI >30 8 (2%) 1 (3%) 7 (1%) E (2%) 0.3791 
BMI >25 138 (26%) 8 (24%) 130 (27%) 65 (25%) 0.5751 
Current smoker 110 21%) 9 (26%) 101 (21%) 2€ (10%) 0.0005 
Ex-smoker 216 (41%) HE (32%) 05 (42%) He (45%) 0.2164 
Hypertension 408 (78%) 27 (79%) 381 (78%) 220 (85%) 0.0031 
Diabetes mellitus 63 (12%) 3 (9%) 60 (12%) 4t (17%) 0.0732 
On dialysis 3 (0.6%) 0 (0%) 3 (0.6%) € (2%) 0.0476 
Preoperative renal dysfunction 58 (11%) 9 (26%) 49 (10%) 1E (7%) 0.7632 
(Cr >1.5) without dialysis 
Liver chirrohsis 4 (1.5%) 0 (0%) 4 (0.8%) £ (0.7%) 0.8637 
Coronary artery disease 169 (32%) 3 (9%) 166 (34%) SE (33%) 0.6459 
Myocardial ischemia 95 (18%) 2 (6%) 93 (19%) 3€ (19%) 0.1503 
Stroke &8 (17%) 6 (18%) 82 (17%) Ta (28%) 0.0005 
with residual neurological deficit 23 (4%) 3 (9%) 20 (4%) 1& (7%) 
without neurological deficit 65 (12%) 3 (9%) 62 (13%) 4.21% 
NYHA class H 33 (6%) 5 (15%) 28 (6%) 4° (17%) 0.1500 
NYHA class HH 3 (0.6%) 2 (6%) | (0.2%) E 3% 
NYHA class IV 1 (0.2% 0 (0%) 1 (0.2%) E (0%) 
Previous PPI 2 (0.4%) 0 (0%) 2 (0.4%) ® (3%) 0.3463 
Preoperative steroid use 16 (3%) 3 (9%) 13 (3%) & (3%) 0.542% 
COPD on inhaled drug therapy 6 (1%) 1 (3%) 5 (1%) 17 (7%) <0.001 
FEV T.0% <70% —— — 104 (20%) 6C (23%) 0.7419 
Preoperative VC (<70% of normal) —— ee 47 (9%) l€ (6%) O.4771 
History of abdominal surgery 79 (15%) 6 (18%) 73 (15%) 6€ (25%) 0.0042 
Once 67 (13%) 5 (15%) 62 (13%) < (18%) 0,0505 
deae sete E O O oe O 
OS: open surgery; SOS: open surgery with preoperative shock; NOS: open surgery without preoperadve shock; PPE permanent 
pacemaker implantation 
Outcome measures (ICU stay), procedure failure requiring additional proce- 
dure during the same hospitalization, and re-admission 
The primary outcome measure was surgical mortality. within 30 days. Preoperative patient characteristics and 


It is defined as either any cause of death within 30 days 
after operation or in-hospital mortality without discharge 
at any time. The secondary outcome measures included 
early morbidities, and intermediate term results. Details 
of treatments were procedure time, volume of blood 
transfusion, and process of recovery, including hours of 
respiratory management, length of intensive care unit stay 


intra-operative and postoperacive factors are described 
in Table 1. 


Statistical analysis 


Statistical analysis of the irtergroup comparison was 
conducted mainly between the EVAR group and NOS 
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Table 2 
OS 
n = 522 
Procedure time (min.) 234 + 85 
Red blood cell transfusion (ml) 868 + 1126 
Respiratory Management (hours) 33.24 64.7 
Hospital stay after treatment (days) 21.4 + 23.9 
Duration until walking (days) 3.8 + 5.3 
Duration until eating meal (days) 3.8+42.4 
Hospitalization at 30 days after treatment 70 
Prolonged hospital stay 30days) 63 
Readmission within 30 days 7 


Early Outcomes of Open Repair versus EVAR for AAA 


Procedure related factors and postoperative recovery 


SOS NOS EVAR P value 
n= 34 n = 488 n= 259 (NOS vs EVAR) 
235 + 100 234 + 84 161 + 61 <0.0001 
3073 + 2353 724 + 807 170 & 370 <0.0001 
6.8 + 34.7 4.8 + 30.4 0.3 + 1.2 9.0303 
28 + 29 18 +21 10.0 + 8.9 <0.0001 
9.9 + 17.0 2.9+4,5 11+0.8 <0.0001 
5.1 2.4 2.9 + 4.5 L2e 2.1 <0.0001 
I] 59 16 0.0113 
li 52 8 <0.0001 
0 7 8 0.1488 


OS: open surgery; SOS: open surgery with preoperative shock; NOS: open surgery without preoperative shock 


group because no patients had EVAR under preoperative 
shock state in the present study population. Statistical 
software package, JMP version 8 (SAS, Institute Japan, 
Tokyo) was used for statistical analysis. The character- 
istics of the patients between two treatment modality 
were compared by using chi-square tests for categorical 
variables and t-tests for continuous variables. Survival 
proportion rates freedom from all cause death, cardio- 
vascular death, aneurysm related death and other events 
were estimated with the use of Kaplan—Meier method, 
and comparisons were made with the use of log-rank 
analysis. P values of less than 0.05 were considered to 
indicate statistical significance. 


RESULTS 
Patient characteristics and preoperative condition 


Patient characteristics are detailed in Table 1. Patients 
who underwent EVAR were significantly older than those 
in NOS group (P <0.001), while patients in SOS were 
almost same age compared with those in EVAR. Approxi- 
mately 42% of patients were 80 years old or older in EVAR 
group, while 24% in NOS group. Maximum diameter of 
AAA size is shown in Table 1, as well. Mean diameter was 
significantly smaller in the EVAR than in the NOS group 
(51+ 10 mm vs 55 + 12 mm). It was noted that patients who 
were currently smoking were less prevalent in the EVAR 
group than in the NOS group (21% vs 10%). It was realized 
as well that the following risk factors were more prevalent 
in EVAR group than NOS group: on dialysis, previous his- 
tory of stroke, history of abdominal surgery and chronic 
obstructive lung disease (COPD) on inhaled drug. 
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Treatments and postoperative recovery 


Devices used for EVAR were as follows: COOK Ze- 
nith AAA endoprosthesis in 127 cases (49%), Gore Tex 
Excluder in 111 cases (43%), and Endologix PowerLink in 
19 cases (7%). Eighty-nine patients (34%) who had EVAR 
were for the case beyond the manufacturer’s Instructions 
for Use (IFU). With respect to procedure-related factors, 
results are shown in Table 2. NOS group required a longer 
procedure time, increased blood transfusion, and longer 
respiratory management. Recovery from the procedure, 
such as duration until walking and duration to resume 
meal, was faster in the EVAR group than in the NOS 
group. As a result, a long hospital stay, defined as >30 
days, was significantly reduced in the EVAR group than 
in the NOS group. 


Early results 


Early mortality and morbidity are detailed in 
Table 3. In-hospital mortality was 16 cases (2.0% in all 
patients, EVAR: 0.8%, NOS: 1.4%, SOS: 21%). Early 
morbidity included delayed wound healing or infection 
(n = 14), deterioration of renal dysfunction (n = 34), stroke 
(n= 3), gastrointestinal complications (n = 34), and periph- 
eral thromboembolism (n = 10) congestive heart failure 
(n= 8), prolonged ventilation (>72 hours, n= 9). It was noted 
that postoperative stroke was more frequent in the EVAR 
group, while gastrointestinal complications were more com- 
mon in the NOS group. Unexpectedly, deterioration of renal 
dysfunction either a new event from dialysis or a twofold 
rise in the creatinine level was more frequent in the NOS 
group than in the EVAR group. Hospital stays >30 days was 
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Table 3 
OS 
n = 522 

Operative mortality 14 (2.7%) 
Endoleak 

Type I 

Fype H 

Fype HI 

Type IV 
EVAR leg occlusion or stenosis 
Delayed wound healing/ infection 14 (3%) 
Stroke 0 (0%) 
Perioperative myocardial infarction 3 (0.6%) 
Congestive Heart failure R (2%) 
Intervention for arrhythmia 6 (1%) 
Dialysis (postoperative new event) 6 (1%) 
Deterioration of renal function 34 (7%) 
Prolonged respiratory management 9 (2%) 
Thorachiostomy 4 (0.8%) 
Peripheral vascular malperfusion 10 2%) 
Postoperative liver dysfunction 6 (1%) 
Multiple organ failure 6 (1%) 
Gastrointestinal complication 34 (7%) 


Postoperative pneumonia 


Deep vein thrombasis 


4 (0.8%) 
2 (0.4%) 


Prosthetic graft infection 2 (0.4%) 
Allergic reaction to contrast medium 0 (0%) 


Secondary procedure before dismissal 


Management for endoleaks 


Early mortality and morbidity 


Intervention for leg ischemia 10 
Delayed wound closure or repair 4 
lleus/gastrointestinal complication 4 


SOS NOS “VAR P value 
n= 34 n= 488 g = 259 (NOS vs EVAR) 
7 (21%) 7 (1.4%) ? (0.8%) 0,3095 

73 (07 vo) 

9 

52 

4 

5 

3( es 

Q (0%) 14 (3%) (3%) 0.8960 
0 (0%) 0 (0%) 3 (1%) 0.0172 
0 (0%) 3 (0.6%) 9 (0%) 0.2061 
1 (3%) 7 (1%) 3 (0%) 0.0528 
2 (6%) 4 (0.8%) 9 (0%) 0.1440 
1 (3%) 5 (1%) a E 0.7333 
5 (15%) 29 (6%) 4 (2%) 0.0054 
3 (9%) 6 (1% a (0%) 0.0732 
1 (3%) 3 (0.6%) @ (0%) 0.2061 
2 (6%) 8 (2%) 5 (2%) 0.7721 
4 (12%) 2 (0.4%) (0.4%) 0.961! 
2 (6%) 4 (0.8%) (0.4%) 0.4891 
9 (26%) 25 (5%) 4 (2%) 0.0160 
1 (3%) 3 (0.6%) a (0%) 0.2061 
0 (0%) 2 (0.4%) @ (0%) 0.3022 
1 (3%) 1 (0.2%) #8 (0%) 0.4660 
0 (0%) O (0%) : (0.4%) 0.1696 

—— —— 3 
| 9 5 0.934] 
3 l | 0.6483 
Q 4 0 0.1440 


Operative death is defined as death within 30 days or death during index hosptal zaiok 


OS: open surgery; SOS: open surgery with preoperative shock; NOS: open surgery without preoperetive shock 
Deterioration of renal dysfunction is defined as that highest postoperative creatinine level was higher than the twofold of preop- 


erative creatinin level. 


52 patients (11%) in the NOS group, H (33%) in the SOS and 
8 (3%) in the EVAR. In the EVAR group, endoleaks were 
observed at the end of the procedure in 70 (27%) patients 
(type I, n = 9; type H, n = 52; type HI, n = 4; type IV, n = 
5). The secondary procedure performed during index hospi- 
talization is summarized in Table 3, as well. Interventions 
for postoperative leg ischemia were required in 15 patients 
(2 in SOS group, 8 in NOS group, 5 in EVAR group). With 
respect to readmission within 30 days, 15 patients (7 in 
NOS and 8 in EVAR) were readmitted. Causes of readmis- 
sion within 30 days after EVAR were, in 2 patients, late 
intervention for type I endoleaks, and in | patient each, 
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a wound problem, allergic reaction to follow-up CT at 
the outpatient clinic, urinary tract infection, new type B 
dissection, surgery for colon cancer, and deterioration of 
concomitant interstitial pneumonia.. Causes of readmis- 
sion within 30 days after oper surgery were, in 2 patients, 
wound infection and in | patent each, surgery for colon 
cancer, ileus, graft infection, surgery for peripheral arterial 
disease and cerebral bleeding 


Intermediate term results 


Mean duration of follow-up was only 1.0 + 0.8 years. 
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Early Outcomes of Open Repair versus EVAR for AAA 


Figure 3a: Freedom from All Cause Death 
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Figure 3b: Freedom from Cardiovascular Death 
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Figure 3c: Freedom from Aneurysm Related Death 
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Fig.2 Kaplan-Meier survival analyses freedom from events. 


a: Survival curve freedom from all-cause death. 


b: Survival curve freedom from cardiovascular death. 
c: Survival curve freedom from aneurysm-related death. 


Twenty-four patients died during the follow-up term. 
One patient in the NOS group died of prosthetic graft 
infection. Five patients (3 in NOS group and 2 in EVAR 
group) died of unknown causes. These 6 patients were 
considered as aneurysm related death. Additional 14 
patients died of cardiovascular causes, which were not 
directly related to the AAA and its repair. Kaplan Meier 
survival analysis freedom from all cause death showed 
good | year survival rates of 95% for NOS patients and 
94% for EVAR patients (Fig. 2a). Survival rates freedom 
from cardiovascular death and aneurysm-related death at 
one year were 95% and 96% for the NOS group and 97% 
and 99% for the EVAR group at one year (Fig. 2b and 2c). 


DISCUSSION 


The present results of this multicenter cooperative study 
regarding AAA repair provides contemporary surgical 
outcomes of open abdominal repair as well as initial results 
of EVAR after it was introduced into Japan. First of all, it 
is clearly recognized that surgical mortalities of 0.8% in 
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EVAR group, 1.4% in NOS group and 21% in SOS group 
were all satisfactory. Early mortality for elective AAA 
repair was reported as 1.6%—4.7% with open abdominal 
repair and 0.5% —1.7% with EVAR.'° Our results are 
equivalent to or even better than these results. In the cur- 
rent study, it may be inappropriate to compare these 2 
groups because the study is a retrospective observational! 
study and patient characteristics and background were 
significantly different between them. It was also sug- 
gested that the vascular surgeon or endovasculartherapist 
selected the treatment modality for each patient, according 
to their institutionalized criterion or preference. In fact, 
some institutions treated most patients with open surgery, 
while others did so with EVAR (Fig. 1b). The multicenter 
database, however, revealed that patients in the EVAR 
group were three years older than those in the NOS group, 
on average. They were also characterized with a greater 
prevalence of history of stroke, previous abdominal sur- 
gery, on dialysis and COPD on inhaled drug. 

Secondly, regarding patients in the SOS group, a smal! 
number of patients that had an episode of preoperative 


m pong 
> 


ia 
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shock without rupture might have been included in 
the group. However, most patients in the group were 
referred to as having a ruptured AAA and were treated 
only with open abdominal repair in the present study 
population. Recently, surgical management of ruptured 
AAA was systematically reviewed and was discussed 
elsewhere, based on the reports, mainly from Europe 
and USA.!3.'9 In the review, the 30-day mortality rate of 
open abdominal repair in this subset of patients ranged 
from 13.6% to 75%, mostly between 20% and 50%,!?) 
The large study of a cooperative multicenter cohort 
study comprising 49 institutions in 13 countries com- 
pared EVAR with open abdominal repair for ruptured 
AAA, reporting 30-day mortality of 19.7% in patients 
treated with EVAR compared with 36.3% in those with 
open abdominal surgery.'*) However, it was pointed out 
as well that there was selection bias as patients who had 
EVAR were hemodynamically stable enough to select it 
as a treatment strategy with radiological evaluation by 
CT scan.'3*) Although emergent EVAR for ruptured 
AAA was widely applied with excellent results in U.S. 
and European countries, no such cases were reported and 
registered from NHO medical centers at present. 

Third, several interesting observations were realized 
in the study results. Factors associated with the procedure 
or surgery demonstrated that patients in the EVAR group 
recovered earlier than those in the NOS group, resulting 
in a significant reduction in the duration of hospital stay. 
Patients who were hospitalized for more than 30 days 
were more frequently observed in the NOS group than 
in the EVAR group. With respect to early morbidity, as 
anticipated, incidence of stroke was more common in the 
EVAR group, while gastrointestinal complication was in 
the NOS group. Increased incidence of stroke might have 
been related with increased prevalence of preoperative his- 
tory of stroke. However, in order to reduce it, manipulations 
of wire and catheter around ascending aorta or aortic arch 
should be gentle and cautious. Preoperative assessment of 
atheroma by CT is helpful. Unexpectedly deterioration of 
renal dysfunction was more frequent in the NOS group than 
in EVAR group, though contrast medium was inevitably 
used in the EVAR group. Preoperative renal dysfunction 
has been considered as a relative contraindication for 
EVAR. The results of the present study, however, suggest 
that EVAR is the choice of treatment rather than open 
surgical repair in patients with mild to moderate renal 
dysfunction if treatment for AAA is unavoidable. A com- 
parison between groups in a well-controlled manner will 
be required to have conclusion in this subset of patients. 
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Fourth, the present repo~t must be the first one of 
multicenter cooperative stud” consisting of a consecutive 
series of patients having opes surgical repair of AAA for 
Japanese population. The clinscal studies regarding a large 
number of open surgical repair of AAA were reported 
no English literature of such s:udy for Japanese population 
was found within our investization. It was only available 
that the nationwide survey by Japanese Society for Vas- 
cular Surgery.” It provided extremely valuable informa- 
tion in Japanese population that the surgical mortality 
of elective AAA repair ranged form 0.6% to 0.9% over 
several years.” However, it nust be taken into account 
as well that data were collested on voluntarily fashion 
by yearly questionnaire so that it was potentially biased. 
Single institutional reports cf a consecutive series over 
several years were available recently in Japan. The Ku- 
rume University was congratulated to report no mortality 
for elective open abdominal -epair of AAA over 6 years 
of their experience.” Their experience included 13% of 
patients over 80 years of age ” The other literature from 
Nagoya University reported 2.2% of in-hospital mortality 
in patients with elective open surgical repair of infra-renal 
or juxta-renal AAA over 6 years.” As institutions of NHO 
AAA study group were typicel regional medical centers in 
Japan, it is supposed that the results of the present study 
must be representative data ia Japanese population. With 
respect to early results in EVAR, The Japanese Committee 
for Stentgraft Management (J ACSM) reported its success- 
ful role of introducing EVAF into Japan safely and early 
mortality of 0.4% in the first two years.!>) 

Finally with respect to late mortality, follow-up term 
was limited as 1.0 years on average at present. Therefore. 
meaningful interpretation was not elucidated. Under 
the limited follow-up term at present, survival rates 
freedom from all cause death, cardiovascular death and 
aneurysm related death were satisfactory in both group. 
However, five out of six patents who died of unknown 
causes were considered to be aneurysm-related deaths, 
according to the reporting stendard of the cardiovascular 
society. Real causes might I 
non-cardiovascular, which may change the interpreta- 





ave been cardiovascular or 





tion of follow-up data between groups. In addition, late 
morbidity has not been collected sufficiently, so far. Only 
cases of readmission within 30 days were completed in 
the present study, which tncladed two late interventions 
for type I endoleaks in EVAR. It is absolutely required 
to collect information on late morbidity and secondary 
interventions during follow-ap. 
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Limitation of the study 


The present interim report had many limitations. It 
is obvious that the report was based on data collected 
retrospectively. The NOS and EVAR groups were not 
comparable, in terms of patient background and charac- 
teristics, as well as anatomy of the aneurysm. The follow- 
up term was short and insufficient. Longer follow-up and 
further accumulation of registered cases are mandatory. 
In particular, late morbidity and secondary intervention 
at follow up need to be collected. 


CONCLUSION 


The present multicenter, cooperative study provides 
contemporary outcomes of AAA repair, either open 
abdominal repair or endovascular repair, in Japan. Al- 
though the process of selecting the treatment modality 
was different in each medical center, early outcomes were 
satisfactory, overall. 
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Lowered LDL-C Levels Reduce Later Local Vascular Events 
after Surgical or Endovascular Treatment of Peripheral 
Artery Disease 


Kouji Ishii, MD,! Junichiro Takahashi, MD,! Tsuyoshi Kanaoka, MD,' Yutaka Wakamatsu, MD,' 
Toshihiro Gohda, MD,! Shigeyuki Sasaki, MD,’ and Yoshiro Matsui, M D? 


Purpose: To examine the relationship between incidence of later, local vascular events (restenosis and 
occlusion) and clinical factors including lipid levels after surgical or endovascular treatment of peripheral 
artery disease (PAD). 

Methods: Consecutive 418 PAD lesions (in 308 patients under the age of 70) treated with surgical 
(n = 188) or endovascular (n = 230) repair for iliac (n = 228) and infrainguinal (n = 190) lesions were 
retrospectively analyzed. Clinical features and lipid levels were compared between patients who developed 
vascular events (n = 51; VE group) and those who did not (n = 257; NoVE group). 

Results: Among assessed factors, post-therapeutic low-density lipoprotein cholesterol (LDL-C) levels 
(mg/dL) were significantly higher in the VE group (120.4 + 31.2) than in the NoVE group (108.2 + 25.1) 
(P = 0.01). Infrainguinal lesions were more common in the VE than in the NoVE group (P <0.001). Cox 
hazard analysis indicated that infrainguinal lesions relative to iliac lesions significantly increased the 
risk of vascular events (hazard ratio (HR) 3.35; 95% CI 1.63—6.90; P= 0.001) and post-therapeutic LDL-C 
levels <130 (mg/dL) decreased the risk (HR 0.34; 95%CI 0.17—0.67; P = 0.002). 

Conclusion: Lowered post-therapeutic LDL-C levels can decrease the risk of later, local vascular events 
after PAD treatment. These results may support the rationale for aggressive lipid-modifying therapy for 
PAD. 


Keywords: dyslipidemia, LDL-C, PAD, endovascular treatment, surgical treatment 


world.!~4) Symptoms of PAD range from claudication to 
rest pain or tissue loss, and patients presenting with 


po artery disease (PAD) due to atherosclerosis 
occurs commonly, with an estimated prevalence as 
high as 21% in patients aged over 65 years in the Western 
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chronic critical limb ischemia (CLI) are frequently as- 
sociated with other arteriosclerotic cardiovascular disor- 
ders like coronary artery disease (CA D).*>5 Thus, reduc- 
tions in atherosclerotic risk factors, such as smoking 
cessation, treatment for diabetes and dyslipidemia, play 
an important role in the treatment of PAD as well as 
treatment for affected arteries.” The established Amer- 
ican Heart Association guidelines recommend the use of 
hydroxymethylglutaryl (HMG) coenzyme-A reductase 
inhibitors (statin drugs), angiotensin converting enzyme 
(ACE) inhibitors, and antiplatelet agents in patients with 
systemic atherosclerosis, such as those undergoing op- 
erative intervention to treat PAD.° 

Currently, most patients with PAD are treated on the 
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basis of the Trans-Atlantic Inter-Society Consensus 
document on Management of Peripheral Arterial Disease 
(TASC) and the Inter-Society Consensus for the Manage- 
ment of Peripheral Arterial Disease (TASC II) Steering 
Committee guidelines.?! Long-term results after treat- 
ment of PAD, however, may vary with the type and extent 
of the lesions and the presence of atherosclerotic risk 
factors and comorbidity. The reported predictors for 
adverse outcomes after treatment of PAD include the 
TASC type C/type D lesions, stenosis of the ipsilateral 
peripheral artery, smoking history, diabetes. mellitus 
(DM), chronic renal failure with hemodialysis, and 
critical limb ischemia.®"!4 With regard to serum lipid 
levels, few reports have described the direct relationship 
between the lipid levels and long-term results of the af- 
fected arteries after surgical or endovascular treatment 
of PAD.*!9) Although the relative benefit of lipid-modi- 
fying therapies for claudication symptoms remains un- 
clear,® the hypothesis that lowered low-density lipopro- 
tein cholesterol (LDL-C) levels are beneficial in promot- 
ing graft patency in surgically treated cases and decreas- 
ing local vascular events (restenosis and occlusion) in 
patients with PAD is logical. It seems to be important to 
clarify the direct relationship between the lipid levels 
such as LDL-C and high-density lipoprotein cholesterol 
(HDL-C) and long-term local vascular events after surgi- 
cal or endovascular treatment of PAD, as a background 
rationale for aggressive lipid-modifying therapy. For that 
purpose, we retrospectively analyzed the pre- and post- 
therapeutic serum lipid levels and other atherosclerotic 
risk factors in patients undergoing surgical bypass pro- 
cedures or endovascular treatment (EVT) for PAD. The 
purpose of this study was to investigate the relationship 
between the incidence of later local vascular events (re- 
stenosis and occlusion) and clinical factors including lipid 
levels after surgical or endovascular treatment for PAD. 


PATIENTS AND METHODS 


This retrospective study was performed on consecutive 
418 PAD lesions of the lower extremity treated with 
surgical procedures (n = 188) or EVT (n = 230) in 308 
patients under the age of 70, between April 1989 and 
November 2010 in the Division of Cardiovascular Sur- 
gery, Aishin Memorial Hospital. All patients were Japa- 
nese and consisted of 270 male and 38 female patients 
with a mean age of 62.3 + 6.0 years (range from 50 to 
69 years). Clinical symptoms of these patients included 
intermittent claudication (IC) for 260 (84.4%) and CLI 
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for 48 patients (15.6%). Patients with IC were considered 
for surgical procedures or EVT in principle when medi- 
cal therapies failed to significantly improve ischemic 
symptoms. The diagnosis of PAD was established by the 
findings of digital subtraction angiography (DSA) or 
computed tomographic angiography (CTA) in all patients, 
and arterial segments with greater than 75% diameter 
stenosis were determined as significant stenosis. Either 
before or after revascularization, 217 patients (70.5%) 
received treatment for hypertension (HTN); 124 (40.3%) 
for DM and 119 (38.6%) received statin drugs for dyslip- 
idemia. Of the 119 patients who received statin, 49 pa- 
tients received statin drugs since before the treatment of 
PAD, and all 119 patients received after the treatment. 
Nineteen patients (6.2%) needed hemodialysis due to 
chronic renal failure. Antiplatelet therapy or anticoagu- 
lant agents were given in principle to all patients, unless 
the patient presented with serious side effects. Due to the 
high annual mortality rate reported in patients with PAD, 
ranging from 4% to 6% and even as high as 25% in pa- 
tients presenting with CLI,® study subjects were limited 
to those under the age of 70 at treatment to ensure suf- 
ficient period of follow-up and to minimize the influence 
of aging on the local vascular events. 

Of 418 lesions investigated in this study, there were 
228 iliac lesions and 190 infrainguinal lesions. The iliac 
lesions included TASC II type A for 123, type B for 45, 
type C for 13, and type D for 47 lesions, and the infrain- 
guinal lesions included TASC II type A for 53, type B 
for 10, type C for 97, and type D for 30 lesions.” Of 
these, 188 lesions were treated with surgery, including 
TASC II type B for 11, type C for 109, and type D for 68 
lesions, and 230 lesions were treated with EVT, including 
TASC II type A for 176, type B for 44, type C for 1, and 
type D for 9 lesions. Therapeutic strategy during the study 
period has been changed in response to progress in en- 
dovascular technology and publication of TASC and 
TASC II guidelines.?! Before the Palmaz stent was 
available in the EVT, surgical procedures tended to be 
selected more often, mainly due to a relatively high inci- 
dence of restenosis occurrence after plain old balloon 
angioplasty (POBA). Since the publication of TASC II 
guidelines, most of TASC II type A and type B lesions 
in the iliac arteries have been treated with EVT and the 
number of patients undergoing infrainguinal surgical 
bypass has been diminished. 

Among 188 lesions treated with open surgical proce- 
dures, prosthetic graft (Dacron or expanded polytetra- 
fluoroethylene (ePTFE) graft) was used in 176 lesion and 
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autologous saphenous vein graft in 12 lesions. In these 
lesions, the etiologic source of PAD was considered to 
be atherosclerosis in all cases. Around the same time as 
study period, there were 5 patients who developed an 
early graft failure within a month after surgery and one 
patient who died within a month. These patients were not 
included in this study, as the main purpose of this study 
was to evaluate long-term effects of lipid levels on local 
vascular events. Among 230 lesions treated with EVT, 
149 lesions were treated concomitantly with stent place- 
ment (Palmaz stent for 68 lesions and nitinol shape- 
memory alloy-recoverable technology (SMART) stent 
for 8I lesions) and other 81 lesions were treated with 
POBA without stent placement. 

Follow-up of the patient after discharge has been con- 
ducted periodically in principle at the outpatient clinic in 
our institute. Blood pressure at the outpatient clinic over 
the course of follow-up was controlled with a target sys- 
tolic pressure of less than 140 mmHg and diastolic pres- 
sure of less than 90 mmHg. Patients with HTN received 
ACE inhibitors or angiotensin-I] receptor blockers con- 
currently with additional oral calctum-channel blockers 
as appropriate. For the measurement of serum lipid levels, 
blood samples for biochemical assay were collected after 
an overnight fast, and the serum was analyzed for total 
cholestero! (TC), HDL-C, and triglycerides (TG) using 
automated assay. The LDL-C levels were calculated by 
Friedewald formula. The LDL-C levels during the follow- 
up period were in principle controlled with a target value 
of at least ‘ess than 130 mg/dL using statin drugs and/or 
fibrates on physician preference. Post-therapeutic lipid 
levels in patients were determined by the mean value of 
laboratory data obtained at least 3 months after surgical 
treatment or EVT. Patients who were referred to other 
hospitals cr lost to follow-up within 3 months after dis- 
charge were not included in this study. During the study 
period, there were 29 patients under such conditions, most 
of whom were referred to their family doctor at a long 
distance on a good postoperative course. Two patients, 
however, were transferred due to cerebral infarction. 

Local vascular events, defined as restenosis greater 
than 75% in diameter and occlusion in this study, was 
suspected by the recurrence of ischemic symptoms of the 
lower extremity or a significant decrease of 20% or more 
in ankle brachial index (ABI) compared to the previous 
levels and confirmed by DSA or CTA. Duplex ultrasound, 
which is a useful tool to provide graft surveillance after 
infrainguinal bypass with saphenous venous (but not 
prosthetic)conduit,® had not been used as routine surveil- 


lance in this study, as the prosthetic graft was used in the 
majority of patients undergoing surgical procedures. 
Clinical features including the age and gender, athero- 
sclerotic risk factors, and pre-therapeutic and post-ther- 
apeutic lipid levels were recorded and compared between 
the patients who developed later local vascular events 
(n = 51; VE group) and those who did not develop events 
(n = 257, NoVE group). The clinical factors that may be 
related to the development of later vascular events were 
subjected to multivariate analysis to identify correlations 
with the later events occurrence. Kaplan-Meier method 
was used to evaluate the rate of freedom from local vas- 
cular events. The endpoint of this study was defined as 
the time at local vascular events or tissue loss occurrence, 
the time of death from any cause (regarded as censored 
case), or time at the end of follow-up for a maximum of 
10 years. In patients with multiple local vascular events, 
the time at the first event was defined as the endpoint of 
the study. This study was approved by the Hospital Eth- 
ics Committee and all patients. received a full explanation 
of surgical or endovascular treatment and related risks, 
and treatment strategy for the vascular lesions by physi- 
cians. The mean follow-up period until the endpoint of 
the study was 51.8 + 38.3 (months) after surgical treatment 
of EVT for PAD. 


STATISTICAL ANALYSIS 


Descriptive statistics were used, and continuous varl- 
ables are presented as the mean + standard deviation (SD) 
and compared using the Stucent’s t-test for parametric 
and Mann-Whitney U-test for non-parametric analyses. 
Chi-square test was used for comparisons of categorical 


variables. The rate of freedom from local vascular events 


(VE-free rate) was calculated by the Kaplan-Meier 
method and comparisons between the two groups were 
performed by the logrank test. Cox proportional hazard 
model was applied to determine the effects of variables 
over time on local vascular events during the follow-up 
period. Differences were statistically considered signifi- 
cant at P <0.05. All statistical analysis was performed 
using Dr. SPSS H version 11.0.1 J (SPSS Inc., Chicago, 
Illinois). 


RESULTS 
Overview of the clinical characteristics and athero- 


sclerotic risk factors compared between the VE and NoVE 
group is summarized in Table 1. Later local vascular 
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Table 1 Comparative studies between the patients who did and did not develop later vascular events 


Vascular events (+) 


Vascular events (—) 


Total 
(n = 308) 
Age (year) 62.3 + 6.0 
Male/Female 270/38 
HTN treatment (%) 217 (70.5%) 
DM treatment (%) 124 (40.3%) 
Statin drugs (%) 119 38.6%) 
PCI or CABG (%) 30 (9.7%) 
Hemodyalysis (%) 19 (6.2%) 
Pre-therapeutic lipid levels 
HDL-C (mg/dL) 43.6 + 13.0 
LDL-C (mg/dL) 116.1 + 30.7 
LDL-C/HDL-C ratio 2.90 + 1.17 
TG (mg/dL) 139,3 + 72.7 
Post-therapeutic lipid levels 
HDL-C (mg/dL) 49.1 + 13.9 
LDL-C (mg/dL) 109.9 + 26.2 
LDL-C/HDL-C 2.45 + 0.89 
TG (mg/dL) 140.3 + 62.5 
Follow up period (months) 51.8 + 38.3 
Treated lesions (n = 418) 
Iliac artery 228 (54.5%) 
Femoral artery 165 (39.5%) 
Popliteal artery or below 25 ( 6.0%) 
The type of lesion 
TASC II type A or B 231 (55.3%) 
TASC II type C or D 187 (44.7%) 
Treatment for vascular lesions 
Bypass surgery 188 (45.0%) 
Endovascular treatment 230 (55.0%) 


(VE group; n = 51) (NoVE group; n = 257) Eya 
62.8 + 5.4 62.2 + 6.1 0.533 
42/9 228/29 0.207 
35 (68.6%) 182 (70.8%) 0.740 
25 (49.0%) 99 (38.5%) 0.211 
21 (26.3%) 98 (13.4%) 0.753 
2 (3.9%) 28 (10.9%) 0.193 
4 (7.8%) 15 (5.8%) 0.532 
43.5 + 10.5 43.6 + 13.5 0.940 
119.2 + 36.4 115.5 4 29.5 0.439 
2.89 + 1.05 2.91+1.19 0.898 
149.6 + 94.1 137.3 + 67.7 0.270 
50.7 + 14.2 48.9 + 13.8 0.473 
120.4 + 31.2 108.2 + 25.1 0.011 
2.56 + 0.88 2.43 + 0.90 0.446 
142.5 + 62.8 139.9 + 62.6 0.821 
32.9 + 28.8 55.5 + 38.9 <0.001 
(n = 60) (n = 358) 
19 (31.7%) 209 (58.4%) 
37 (61.7%) 128 (35.8%) <0.001 
4(6.7%) 21 (5.9%) 
25 (41.7%) 206 (57.5%) 
35 (58.3%) 152 (42.4%) 0.025 
33 (55.0%) 155 (43.3%) 
27 (45.0%) 203 (56.7%) 0.095 


HTN: hypertension; DM: diabetes mellitus; PCI: percutaneous coronary intervention; CABG: coronary artery bypass grafting; 
HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; TG: triglyceride 


events (restenosis >75% in diameter or occlusion) oc- 
curred in 60 lesions, including iliac for 19 and infrain- 
guinal lesions for 41 (femoral artery for 37 and popliteal 
artery or below for 4 lesions), in 51 patients (VE group). 
Of 60 lesions with local vascular events, 25 lesions 
(41.7%) were developed among the TASC II type A or 
type B lesions, and 35 lesions (58.3%) were among the 
TASC II type C or type D lesions. Local vascular events 
significantly occurred more frequently in TASC II type 
C or D lesions than in type A or B lesions (P = 0.025). 
Regarding the difference in treatments for vascular le- 
sions, 33 lesions (55%) occurred in patients undergoing 
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surgical procedures and 27 lesions (45%) in those under- 
going EVT (P= 0.095; not significant, NS). In univariate 
analysis of clinical characteristics between the VE and 
NoVE group, there were no significant differences in age 
and gender, the prevalence of treatment for HTN or DM, 
statin drugs prescription, and the prevalence of hemodi- 
alysis. Treatment for CAD, including percutaneous coro- 
nary intervention (PCI) and coronary artery bypass 
grafting (CABG), was required for 30 patients (PCI for 
27 and CABG for 3 patients) before or after treatment of 
PAD. The prevalence of treatment for CAD in the VE 
group was not significantly different from the prevalence 
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in the NoVE group (P = 0.193). Patients in the VE group 
showed a significantly higher post-therapeutic LDL-C 
level (120.4 + 31.2 vs. 108.2 + 25.1 (mg/dL); P = 0.01) than 
those in the NoVE group and a higher prevalence of in- 
frainguinal lesions relative to iliac lesions (P <0.001). 
Regarding the comparison between the pre- and post- 
therapeutic serum lipid levels, the post-therapeutic HDL- 
C levels (post-therapeutic 49.1 + 13.9 vs, pre-therapeutic 
43.6 + 13.0 (mg/dL)), LDL-C levels (post-therapeutic 
109.9 + 26.2 vs. pre-therapeutic 116.1 + 30.7 (mg/dL)) and 
the LDL-C/HDL-C ratio (post-therapeutic 2.45 + 0.89 
vs. pre-therapeutic 2.90 + 1.17) were all significantly 
improved compared to the pre-therapeutic values (P 
<0.001). The post-therapeutic TG levels (140.3 + 62.5 mg/ 
dL) were not different from the pre-therapeutic levels 
(139.3 + 72.7 mg/dL) (P = 0.771). 

The mean follow-up period until the endpoint of this 
study was 55.5 + 38.9 (range 4 to 120) months for the 
NoVE group, which was significantly higher than those 
for the VE group (32.9 + 28.8 (range 4 to 113) months) 
(P <0.001). The difference in the follow-up period be- 
tween the two groups may result from the presence or 
absence of local vascular events occurrence, which was 
the endpoint of this study. There were 32 deaths (10.4%) 
during the follow-up period, including deaths from ma- 
lignancy (n = 5), pneumonia (n = 4), myocardial infarction 
and/or heart failure (n = 4), sepsis and/or multiple organ 
failure (n = 2), perforation or necrosis of the digestive 
tract (n = 2), mediastinitis (n = 1), and unknown cause 
(n= 14). These cases were represented as censored cases 
in the calculation of the Kaplan-Meier method. 

As the TASC II type C/D has been reported as a pre- 
dictor for adverse outcome after treatment of PAD,®!” 
we examined in more detail the relationship between 
local vascular events occurrence and the site and type of 
lesions classified with TASC H guidelines. Table 2 sum- 
marizes the number of lesions classified with TASC II 
according to the type of treatment and the site of the le- 
sion, and the relationship with development of later local 
vascular events. As shown in Table 2, local vascular 
events occurred more frequently in TASC H type C/D 
lesions compared to type A/B lesions in the total patients 
group (odds ratio 1.90; 95%CT 1.09-3.30; P = 0.025). For 
comparison of vascular events rate in patients undergoing 
bypass surgery and EVT individually, difference did not 
reach statistical significance, probably due to the small 
number of patients in each group. The prevalence of 
TASC II type C/D lesions was significantly higher in 
infrainguinal lesions (P <0.001) and in patients undergo- 
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ing surgery than in those undergoing EVT (P <0.001). 
Subsequently, clinical factors that may be related to 
the development of local vascular events were assessed 
with multivariate analysis usirg Cox proportional hazard 
model with stepwise method tə identify correlations with 
the later events occurrence. Tae items assessed included 
male gender (vs. female), surzical treatment (vs. EVT), 
the presence of DM, CAD requiring PCI or CABG, in- 
frainguinal lesions (vs. iliac I2sions), TASC H type C/D 
lesions (vs. type A/B lesions} pre-therapeutic TG levels 
<140 (mg/dL), and post-therapeutic LDL-C levels <130 
(mg/dL), which were selected based on the p value in the 
univariate analysis. The cut-o f values of LDL-C and TG 
levels were calculated from “eceiver-operating charac- 
teristics curves (ROC curves: using statistical software. 
The results are shown in Table 3, which indicated that 
the infrainguinal lesions relasve to iliac lesions signifi- 
cantly increased in the risk for later, local vascular events 
(hazard ratio 3.38; 95%CI 1.60-7.10; P = 0.001) and the 
lowered LDL-C levels <130 (mg/dL) decreased in the risk 
for later vascular events (lkazard ratio 0.34; 95%Cl 
0.17—0.67; P = 0.002). In contrast, gender male 
(P = 0.550), surgical treatmentrelative to EVT (P = 0.731), 





(P = 0.129), TASC H type C/D (vs. type A/B) (P = 0.937), 
and pre-therapeutic TG levels <140 (mg/dL) (P = 0.966) 
did not significantly influence the risk for later vascular 
events. 

Based on the results from: multivariate analysis, we 
compared the rate of freedora from later local vascular 
events (VE-free rate) between the two groups divided 
according to the post-therapeatic LDL-C level. Figure 1 
shows a comparison cf Kaplen-Meier curves indicating 
the VE-free rate, with a sign:ficant difference between 
the two patient groups. Patients with post-therapeutic 
LDL-C levels <130 mg/dL hada significantly better VE- 
free rate (P = 0.005; by the legrank test). A cumulative 
rate free from vascular events was approximately 
more than 90% for the 5 yeer and more than 80% for 
the 10 year in those with post-therapeutic LDL-C levels 
<130 mg/dL. The rate was, however, lower in those with 
post-therapeutic LDL-C leve s >130 mg/dL, which was 
less than 80% for the $ year and 10 year. Onset of vascu- 
lar events, which was defined as the endpoint of the study 
in the VE group, was 32.9 + 28.8 (months) as described 
previously and shown in Tabe 1. 
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Table 2 The number of lesions classified with TASC II according to the type of treatment and site of lesion, and the 
relationship with development of later vascular events 


The number of lesion classified with TASC II Odds ratio 
ee «=P vali 
Type A or B Type C or D (95% Cl) 

Iliac lesion 168 60 
Infrainguinal lesion 63 127 <0.001 5.64 (3.70-8.61) 
Local vascular events (total) 

Yes 29 35 

No 206 152 0.025 1.90 (1.09-3.30) 

Local vascular events in patients undergoing bypass surgery 

Iiac lesion Yes 0 4 

No 6 55 
Infrainguinal lesion Yes 0 29 

No 5 89 
total Yes 0 33 

No 11 144 0.217 N/A (due to data 

containing zero) 
Local vascular events in patients undergoing EVT 

Iliac lesion Yes 15 0 

No 147 1 
Infrainguinal lesion Yes 10 2 

No 48 7 
total Yes 22 2 

No 195 8 0.332 1.95 (0.39-9.70) 
Comparison of the number of patients between bypass surgery and EVT according to the TASC II classification 
bypass surgery 11 177 
EVT 220 10 <0.001 354.0 (147-852) 


EVT: endovascular treatment; N/A: not available 


Table3 Relationship between risk factors and later vascular events by Cox proportional hazard analysis 


Hazard Ratio 95% CI P value 
Clinical factors 
Gender, male (vs. female) 0.77 0.33—1.81 0.554 
Surgical treatment (vs. EVT) 1.42 0.72--2.80 0.317 
Diabetes mellitus 1.06 0.55-2.04 0.867 
CAD requiring PCI or CABG 0.21 0.03-1.56 0.128 
Infrainguinal (vs. iliac) lesion 3.35 1.63—6.90 0.001 
TASC II type C/D (vs. type A/B) 0.93 0.17-5.01 0.937 
Pre-therapeutic TG <140 0.99 0.51-1.92 0.969 
Post-therapeutic LDL-C <130 0.34 0.17—0.67 0.002 


CI: confidence interval; EVT: endovascular treatment; PCI: percutaneous coronary intervention; CABG: coronary artery bypass 
grafting; LDL-C: low-density lipoprotein cholesterol; TG: triglyceride 
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Fig. 1 Kaplan-Meier curves indicating freedom from local vascular events in the group of 
patients with post-therapeutic LDL-C <130 and those with LDL-C =130 (mg/dL) 


DISCUSSION 


Our data indicated that later, local vascular events 
after surgical or endovascular treatment for PAD may 
occur more frequently in patients treated for infraingui- 
nal lesions and those with post-therapeutic mean LDL-C 
levels >130 (mg/dL), at an approximate hazard ratio of 
3.0 to 3.5. PAD is a part of clinical manifestation of sys- 
temic atherosclerosis, and the presence of PAD elevates 
the risk for cardiovascular events due to atherosclerosis, 
including myocardial infarction and stroke.?*) Thus, of 
course, the prognosis of patients with PAD depends on 
the prevention of these systemic cardiovascular events, 
rather than on the presence or absence of local vascular 
events. However, local vascular events, such as resteno- 
sis and occlusion, may elevate the risk for development 
of CLI and amputation, and the reported annual mortal- 
ity rate is as high as 25% in patients with CLI and in those 
undergoing major amputation.®:'*) Therefore, therapeutic 
strategy for preventing local vascular events may also 
contribute to the improvement of life prognosis in patients 
with PAD. 

There have been a number of reports describing the 
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value of using statin drugs in datients with PAD, includ- 
ing all cause and cardiac mortality.*'>:') LDL lowering 
therapy has been reperted to improve symptoms of in- 
termittent claudication and »9ain-free walking perfor- 
mance, and has also keen reported to reduce the risk of 
new or worsening claudicatioa in patients with PAD.°!”? 
In the Heart Protection Study cf cholesterol lowering with 
simvastatin, there was a 16% relative reduction in the rate 
of a first peripheral vascular event, primarily due to a 
20% relative reduction in noneoronary revascularization 
procedures.'*) This study suggests that it may be the 
pleiotropic effects of statins that are responsible for ben- 
efit in PAD, including not on!» lipid-lowering effects but 
also anti-inflammatory effec:s. Statins have been also 
reported to reduce the expression of matrix metallopro- 
teinases independently of their cholesterol-lowering ef- 
fect.©’ However, the potential benefits of LDL lowering 
with statins on the underlying physiology in PAD remain 
incompletely understood. 

The lipid level per se on mdividual cases may vary 
with pre-therapeutic lipid levels, racial variation, and 
individual lifestyle and comoridity. There have been few 
reports describing the direct relationship between the 
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serum lipid levels and later vascular events, especially in 
patients undergoing surgical treatment.® This is probably 
due to that those with PAD generally have a low chance 
of long-term survival, which would inhibit the practice 
of this type of study. Furthermore, therapeutic strategy 
for patients with PAD has been changed in response to 
progress in EVT and publication of TASC and TASC II 
guidelines.*! The majority of TASC II type A and type 
B lesions in iliac arteries are currently treated with EVT, 
and the number of patients undergoing open surgical 
procedures has been diminished. Thus, results from the 
present study including surgical cases are thought 
to be of significance. The cut-off value of LDL-C 
levels <130 mg/dL in this study was not a strict target 
value, as recent literature including AHA/ACC guidelines 
described that LDL-C should be <100 mg/dL for all pa- 
tients with CAD and other clinical forms of atheroscle- 
rotic disease, and even <70 mg/dL in patients at the 
highest risk.!®!9 The optimal target LDL-C levels in 
Japanese patients with atherosclerotic disease may be 
different,2%2 but later local vascular events occurrence 
showed a significant difference between patients 
with LDL-C levels <130 and those with LDL-C 
levels >130 mg/dL in this study. The target value of LDL- 
C levels <130 mg/dL seems to be the minimum require- 
ment in the treatment of Japanese patients with PAD to 
reduce local vascular events. 

Regarding the comparison between the pre- and post- 
therapeutic serum lipid levels, the post-therapeutic HDL- 
C, LDL-C, and LDL-C/HDL-C ratio were all significantly 
improved compared to pre-therapeutic values. This was 
probably due to the management of atherosclerotic risk 
factors including statin treatment, although aggressive 
lipid-modifying medications were not always performed 
during the follow-up period. Lifestyle guidance like diet 
and exercise therapy has been intensively conducted by 
medical personnel in the outpatient clinic throughout the 
follow-up period, which may have contributed to the 
improvement of lipid levels. 

Our study also indicates that patients with infraingui- 
nal lesions are at high risk for later local vascular events 
occurrence. As shown in Table 2, TASC II type C/D 
lesions comprised 127 of 180 (70.6%) infrainguinal le- 
sions, whereas, 60 of 228 (26.3%) iliac lesions. The 
prevalence of the type C/D lesion, which has been re- 
ported to significantly influence graft patency in surgical 
cases, was further higher in infrainguinal lesions 
(P <0.001). The difference in the prevalence of the type 
C/D lesion may account for the high risk for later local 
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vascular events occurrence in patients with infrainguinal 
lesions, but the Cox proportional hazard analysis did not 
indicate the TASC type C/D as a significant predictor for 
total later vascular events in our study. The disparity 
between the results from univariate analysis and the Cox 
proportional hazard analysis may be due to the onset time 
of vascular events, as the latter analysis investigated the 


. effects of predictor over the time course. 


The subjects in this study were limited to those under 
the age of 70 to ensure sufficient follow-up period and to 
minimize the influence of aging on local vascular events. 
In younger patients presenting with IC, however, the value 
of surgical revascularization remains to be eluci- 
dated.?79) Reed and colleagues reported that the 5 year 
primary patency rate after aortobifemoral bypass was 
significantly lower in patients aged 50 or younger than 
in those over the age of 50.7 In the report by Green and 
colleagues, patency rates of primary prosthetic above- 
knee femoropopliteal bypass grafts at 5 years were lower 
in patients aged 65 or younger.”” The underlying patho- 
genesis in these younger patients would be the presence 
of multiple atherosclerotic risk factors including dyslip- 
idemia, which may account for the development of PAD 
in younger patients. Risk reductions in atherosclerotic 
factors among younger patients would be an important 
issue for the improvement of prognosis of overall patients 
with PAD. 

The present study did not examine later cardiovascular 
events such as myocardial infarction and stroke, but lim- 
ited to local vascular events after treatment of PAD. Lipid- 
modifying therapy in those with PAD, however, would be 
highly beneficial in the prevention of later cerebrovascu- 
lar or coronary events. For the primary prevention of 
atherosclerotic disease like CAD, the importance of ad- 
equate control of dyslipidemia has been reported, and 
lipid-modifying therapies like statin treatment have an 
established role in the treatment of occlusive atheroscle- 
rotic disease.'*:24) In general, LDL-C at a high serum level 
may accumulate in the artery wall, where they are oxidized 
and taken up by foam cells, in a process that leads to the 
development and progression of atherosclerosis.2 HDL- 
C is reported to oppose atherosclerosis by removing 


cholesterol from foam cells, by inhibiting the oxidation 


of LDL-C, and by limiting the inflammatory processes 
that underlie atherosclerosis.2 As previously described, 
the definite prognosis of patients with PAD depends on 
the prevention of fatal CAD and cerebrovascular disease. 
In patients with AAA, our group has reported the relation- 
ship between the lipid levels and later cardiovascular 
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events after surgical treatment for AAA.**! The relation- 
ship between lipid levels and later cardiovascular events 
in patients with PAD would be also worth reporting. 

There are some limitations in this study. In our study 
design, patients with PAD receiving surgical or endovas- 
cular treatment were retrospectively divided into two 
groups, based on the patient outcome of whether they 
would have local vascular events later or not, as a single 
center experience. Lipid-modifying therapy was not given 
to all patients. Second, the findings of our study were 
limited to those aged <70 at surgical or endovascular 
treatment; thus the value of lipid-modifying therapy in 
patients with age older than the present study group ts 
unknown. Since the majority of subjects were male pa- 
tients, we can draw no conclusions on the association of 
lipids with local vascular events in women. Third, the 
follow-up period was relatively short in some patients: 
thus, the short follow-up period may influence the inci- 
dence of local vascular events. Although there are many 
limitations, our study results are not so inconsistent with 
previous reports and may help us to prognosticate the 
outcome at least in part of patients with PAD. 

In conclusion, our study indicated that an increase in 
the post-therapeutic LDL-C levels >130 mg/dL and the 
presence of infrainguinal lesions were significant predic- 
tors for the development of later local vascular events 
during follow-up after surgical or endovascular treatment 
for PAD. Patients at high risk for later, local vascular 
events should require a careful follow-up to prevent the 
development of CLI or amputation, and may also require 
an aggressive lipid-modifying therapy. 
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Adventitial Cystic Disease of the Popliteal Artery 


| Shun-ichi Kawarai, MD,! Manabu Fukasawa, MD,? and Yu Kawahara, MD? 


We describe a patient with adventitial cystic disease of the popliteal artery with ntermittent claudication 
involving the right calf during exercise. Magnetic resonance imaging (MRI) and computed tomography 
(CT) revealed a cystic lesion that encircled and compressed the popliteal artery. Resection of the cyst 
involving a segment of the affected popliteal artery and interposing an autologous vein graft resolved the 
symptoms, and the postoperative course was uneventful. The cyst was histologically similar to a ganglion. 


Keywords: intermittent claudication, autologous vein graft, ganglion 


INTRODUCTION 


dventitial cystic disease is a rare vascular condition 

that mainly affects the popliteal artery! and usually 
presents as intermittent claudication during exercise. We 
describe the recent management of an otherwise healthy 
adult man who developed intermittent claudication of the 
calf while walking. 


CASE REPORT 


A 45 year-old man was referred to an orthopedic clinic 
with right calf pain after walking for 10 minutes. Three 
months of drug therapy did not relieve this symptom, and 
he was referred to our clinic for evaluation of a vascular 
disorder. A physical examination revealed palpable right 
popliteal and foot pulses at rest that persisted during knee 
flexion. The right and left ankle-brachial pressure indices 
were 1.32 and 1.22, respectively. Other clinical and labo- 
ratory findings were normal, and he was in good health 
except for mild hypertension and mild hyperlipidemia. 
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Magnetic resonance imagiag (MRI) proceeded in the 
axial and sagittal planes. T2-weighted imaging revealed 
a multi-loculated cystic mass with high signal intensity 
measuring 25 x 30 x 45 mm 11 the popliteal fossa of the 
right knee. A cystic mass was adjacent to and encircled 
the popliteal artery (Fig. 1A). “he cyst had a thin wall and 
no solid contents (Fig. 1B). The signal characteristics of 
the mass were comparable with those of ganglion on T2- 
weighted images, and the intensity was homogeneously 
low on Tl-weighted images. ~” 

Contrast-enhanced computed tomography (CT) 
showed that the popliteal artery was compressed by a 
non-enhancing structure related to the arterial wall. The 
typical hourglass sign (concentric, extrinsic compression) 
of the popliteal artery seen ən three-dimensional CT 
angiograms is shown in Fig, 2.” 

Adventitial cystic disease of popliteal artery was 
diagnosed and surgery was scheduled. An S-shaped 
skin incision was cut linear te the skin fold in the right 
popliteal fossa under general anesthesia with the patient 
in the prone position througkout the procedure. After 
dissection, a round, loculated cystic lesion encircling 
the popliteal artery was identified (Fig. 3). The cyst was 
soft, elastic and contained a clear jelly-like substance. 
The dense adhesion ruled out cyst evacuation to preserve 
the popliteal artery and incomplete resection might have 
led to recurrence. We completely resected the cyst and 
the affected segment of the popliteal artery and recon- 
structed the artery using a great saphenous vein graft. ® 
Histopathologically, the cyst had a relatively clear margin 
with vascular adventitia. The cyst had no arterial elements 
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Fig. 1 T2-weighted magnetic resonance images. 


© 


A: Multi-loculated, high-intensity cystic mass (white arrow) measuring 25 x 


Adventitial Cystic Disease of Popliteal Aretry 





30 x 45 mm is located in 


right popliteal fossa. B: Sagittal view shows popliteal artery surrounded and compressed by cystic mass 


(white arrow). 





Fig. 2 Three-dimensional CT angiographic image. 
Typical hourglass sign of popliteal artery (black ar- 
row); arterial lumen is encircled by cyst and concentri- 
cally compressed. No atherosclerosis is evident in the 
remaining part of the artery. 


in the wall and mucinous content, which were consistent 
with a ganglion. The postoperative course was unevent- 
ful, and the patient was free of right calf claudication. 
The condition did not recur, and three-dimensional CT 
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angiography, six months later, showed good patency of 
the vein graft. 


DISCUSSION 


Adventitial cystic disease is rare, accounting only 
for 0.1% of all vascular diseases.” Atkins and Key first 
described adventitial cystic disease in 1947 that affected 
the right external iliac artery.’ Over 300 cases have been 
reported since then. Adventitial cystic disease affects the 
popliteal artery unilaterally (85%) most often and usually 
presents as intermittent claudication, although bilateral 
involvement® has also been reported and the externa 
iliac, common femoral, radial and ulnar arteries have 
been affected.*° 

Over 80% of individuals who develop adventitial cystic 
disease are men aged between 40 and 50 (range of 11—70) 
years, and the prevalence of this disease is 1:1200 cases 
of calf claudication.” Because the affected population is 
usually young and at low risk for vascular disease, a clini- 
cal diagnosis is often difficult. Adventitial cysts compress 
the arterial lumen in an eccentric or concentric fashion 
and appear as scimitar or hourglass signs, respectively 
on angiograms.) The severity of ischemic symptoms 
varies, and mainly depend on the condition of the affected 
popliteal artery. However, even if the affected popliteal! 
artery appears angiographically normal, adventitial cystic 


Kawaral S. et al. 





Fig. 3 Intra-operative findings and surgical specimen. 
A: Popliteal artery surrounded by loculated cyst is concentrically compressed and severe'y narrowed. B: Segment 
of popliteal artery surrounded by cyst has been resected, and reconstructed using mterposmg vein graft. C: Surgical 
specimen comprising resected segment of popliteal artery with adjacent cyst. D: Microscopy shows popliteal artery 
surrounded by cyst with cavity and defect in the adventitia of popliteal artery. Cyst wall has no vascular elements and 
forms a clear margin with popliteal artery. Arterial lumen is narrowed by intimal hyperplasia (IH). (Elastica Masson 
stain x 20) 


disease can induce symptoms during exercise. Adventi- 
tial cystic disease is considered to cause functional flow 
obstruction during dynamic exercise.°’ Because the pulse 
in the right foot of our patient was normal at rest but 
diminished after exercise when symptoms developed, 
surgery was required to relieve the symptoms. 


The etiology of adventitial cystic disease is still under 


debate, and trauma, ganglion, systemic disorder, and 
embryonic development have been proposed. The trauma 
theory suggests that repetitive trauma causing degenera- 
tion of the arterial adventitia ultimately leads to cystic 
change. The ganglion theory suggests that synovial cysts 
form nearby joints track along vascular branches and 
finally reside in the adventitia of major vessels. The sys- 
temic disorder theory perceives adventitial cystic disease 
as a part of generalized connective tissue disorder. The 
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developmental theory suggests that mesenchymal cells 
rich in mucin from nearby jomts incorrectly migrate to 
the adventitia during embryogenesis. However, no single 
theory can account for the pathogenesis of all clinical 
cases. Levien et al. proposed a unifying hypothesis on 
the basis of embryology of susceptible blood vessels and 
the affected site. They claim that a joint-related ganglion- 
like structure is incorporated into a target vessel during 
embryological development aad that this synovial rest or 
ganglion secretes and enlarges over the years to develop 
within the adventitial wall later in life, implying that both 
the ganglion and developmental theories are applicable.”») 

The typical, pathological fiadings of adventitial cystic 
disease comprise intramural cysts containing gelatinous 
material located between the media and the adventitia. 
The cyst was in contact with the popliteal artery but 
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located outside the adventitia in our patient. The cyst had 
mucinous content but no vascular elements in the wall. 
These findings were similar to those on ganglion and are 
inconsistent with most reported cases. However, Ohta et 
al. described recurrent adventitial cystic disease in an 
interposed vein graft and found a compressed lumen with 
intimal hyperplasia and no evidence of intra-adventitial 
invasion of the vein graft. They postulated that mucin- 
secreting synovial cells originating from neighboring 
joint capsule had directly invaded damaged adventitia 
or had simply attached to and encircled the adventitia. 
The pathological findings of our surgical specimen sup- 
port this hypothesis. 

Gray scale Doppler ultrasonography (U.S.) is a less 
invasive, convenient diagnostic method for routine clinic 
application, whereas CT and MRI are more useful for 


evaluating cyst morphology and possible communica- . 


tion between a cyst and an adjacent joint. The MRI find- 
ings of adventitial cystic disease are quite clear as cysts 
typically appear as regions of homogeneous, low signal 
-~ intensity on Tl-weighted images, and of multi-loculated 
high signal intensity adjacent to vessels on T2-weighted 
images. Three-dimensional CT reconstructions using 
volume rendering or MRA should be performed for 
optimal preoperative planning. Conventional digital 
subtraction angiography (DSA) is rarely applied because 
this modality is invasive.?) The differential diagnosis 
includes popliteal artery entrapment syndrome (PAES), 
and multi-planar data acquisition can determine the ana- 
tomical extent of arterial intramural cystic lesions, thus 
helping to. discriminate this condition from adventitial 
cystic disease.” 

The management of adventitial cystic disease varies 
depending on the condition of the affected vessels. Cyst 
aspiration is less invasive, but it is associated with a high 
rate of recurrence. Removal of the cyst content (evacua- 
tion) while preserving the involved artery can be effec- 
tive and resection of the affected segment of the vessel 
and interposing a vein graft or prosthesis is promising. 
Long-term follow-up is mandatory because adventitial 
cystic disease can recur or grafts can become occluded. 


Endovascular interventional therapy has yielded unsat- . 


isfactory outcomes.4! 

Adventitial cystic disease of the popliteal artery is an 
uncommon but important cause of peripheral vascular 
insufficiency in younger individuals without specific ath- 
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erosclerotic risk factors. Thus, adventitial cystic disease 
should be considered when relatively young individuals 
present with intermittent claudication! 


CONCLUSIONS 


We described a patient with adventitial cystic disease 
of the popliteal artery with intermittent claudication. 
The cyst involving the affected popliteal artery was re- 
sected, and an autologous vein graft was interposed. The 
patient remained free of symptoms after the procedure, 
and postoperative three-dimensional CT images showed 
good patency of the vein graft. Long-term follow up is 
mandatory because of the potential for recurrence or 
graft occlusion. 
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Surgical Reconstruction for Intrathoracic Aneurysm 
Originating from Proximal Part of the Right Subclavian 
Artery 


Hireki Mizoguchi, MD, Takuya Miura, MD, PhD, Kazushige Inoue, MD, PhD, Takashe Iwata, MD, PhD, 
Keixou Ter, MD and Yuuki Horio, MD 


Subclavian artery aneurysms are comparatively rare in peripheral aneurysms. We experienced a case of 
intrathoracic aneurysm originating from the proximal part of the right subclavian artery. A 78 year-old 
maa was referred to our hospital with the diagnosis of a right subclavian artery aneurysm. Enhanced 
computed tomography demonstrated an intrathoracic aneurysm, originating f-om the right subclavian 
artery just proximal of its origin. Through a median sternotomy and supra-infraclavicular incision, we 
recenstructed the brachiocephalic and right common carotid arteries aad bypassed to the distal part of 
the right subclavian artery by using a T-shaped vascular graft and the aneurysm was excluded. 


Keywords: subclavian artery aneurysm, intrathoracic aneurysm, graft replacement 


INTRODUCTION 


hero artery aneurysm is a rare aneurysm; its 
incidence has been reported as 3.5% of all periph- 
eral aneurysms.” The surgical procedure and approach 
depend on the size and location of the aneurysms.” We 
experienced a surgical case of intrathoracic aneurysm 
originating from the proximal part of the right subclavian 
artery. We discuss the relation between the location of an 
aneurysm and the surgical procedure. 


CASE REPORT 


A 78 year-old man, who had gone to the hospital be- 
cause of hoarseness, was pointed out to have a medias- 
tinal mass by computed tomography (CT). At that time. 
positron-emission tomography denied the malignancy 
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of the mass, and it had been observed. Eight years later, 
it developed a tendency to increase in size, and he was 
referred to our hospital for surgery. He had no history of 
trauma, and no pulsatile mass was found at his supracla- 
vicular fossa on physical exam nation. A chest radiograph 
indicated an intrathoracic mass in the right upper thorax. 
Contrast-enhanced and three- dimensional reconstructed 
CT demonstrated an intrathoracic aneurysm, which was 
60 x 58 mm in size, and it originated from the right sub- 
clavian artery just proximal ofits origin (Fig. 1A and 1B). 
Brain magnetic resonance angiography showed complete 
communication of the circle of Willis; however, the 
vertebral artery was left dommant (Fig. 1C). Therefore, 
we monitored the regional saturation of oxygen (rSQ;) 
of the brain with the INVOS 5100C cerebral oximeter 
(Somanetics, HL, USA) during operation. 

We started an operation v:a median sternotomy and 
right supraclavicular incision. At first, through a median 
sternotomy, the brachiocephalic artery, right common 
carotid artery and right susclavian aneurysm were 
identified. However, the dista side of the aneurysm was 
not well approached through these incisions because of 
dense adhesion between the aneurysm and surrounding 
tissues. After systemic heperinization, clumping the 
brachiocephalic artery, the right cerebral clamping rSO, 
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Fig. 1 Preoperative computed tomography (CT) findings. 


Intrathoracic Aneurysm of Right Subclavian Artery 





A: The right anterior oblique view of enhanced CT, the aneurysm was originated from the 
right subclavian artery just proximal of its origin (arrows). 

B: The three-dimensional CT (3D-CT) from right anterior oblique view. 

C: The 3D-CT from posterior view demonstrated that the vertebral artery was left dominant. 
Ao: aorta; BCA: brachiocephalic artery; An: aneurysm; rt. SCA: right subclavian artery: 
rt. VA: right vertebral artery; It. VA: left vertebral artery; rt. CCA: right common carotid artery 


rt.VA It.CCA 


Temporary shunt 





dropped; thus, we decided to use a temporary shunt. We 
inserted a shunt needle into the ascending aorta as an 
inflow source, and then the right common carotid artery 
was perfused from this shunt. After this shunting, the 
brachiocephalic artery was clamped again, and the right 
cerebral rSO, was maintained. During this temporary 
shunt, we reconstructed the brachiocephalic and right 
common carotid arteries by using a T-shaped knitted 
Dacron vascular graft through a median sternotomy. 
Concerning the reconstruction of the right subclavian 
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exclusion 


Fig.2 The schema of operation. We recon- 

structed the brachiocephalic and right 
common carotid arteries, and bypassed 
to the distal part of the right subclavian 
artery by using a T-shaped vascular graft, 
and the aneurysm was excluded. 
Ao: aorta; rt. SCA: right subclavian 
artery; rt. VA: right vertebral artery: 
rt. CCA: right common carotid artery: 
It. CCA: left common carotid artery 


artery, it was difficult to anastomose in an end-to-end 
fashion, just distal to the aneurysm; therefore, we added 
an infraclavicular incision and bypassed the graft to the 
distal part of the right subclavian artery through this 
incision. After the complete reconstruction using a T- 
shaped graft, the aneurysm was excluded, and the right 
subclavian artery was closed as a stump at just distal side 
of the aneurysm (Fig. 2). 

Postoperatively, the patient achieved complete 
remission and was discharged from the hospital on day 
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Fig. 3 One year follow up computed tomography. 
A: One year follow up three-dimensional computed tomography showed 
the graft patency. 
B: The axial view of preoperative enhanced computed tomography. 
C: The axial view of | year follow up enhanced computed tomography 
showed a regression of the excluded aneurysm (compared with Fig. 3B). 
rt. CCA: right common carotid artery; Ao: aorta; An: aneurysm 


21 after the operation. At 1 year of follow up, contrast- 
enhanced CT demonstrated graft patency and reduction 
in the size of the excluded aneurysm (Fig. 3). 


DISCUSSION 


Subclavian artery aneurysms are rare, and there is 
the possibility of life- and limb-threatening complica- 
tions, such as thrombosis, embolism, and rupture. The 
subclavian artery has intra-thoracic and extra-thoracic 
parts while anatomically, it may be divided into three 
parts.’ The practical categorization into three parts has 
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been suggested as follows: proximal, middle and distal 
parts.” The proximal part extends from the origin, with 
the brachiocephalic artery on the right side and aorta on 
the left, to the medial border ef the scalene muscles. The 
middle part of the subclavian artery is located dorsal to 
the anterior scalene muscles. The distal part of the subcla- 
vian artery extends from the lateral border of the anterior 
scalene muscle to the lateral border of the first rib.*® 
Accordingly, intrathoracic aneurysms are mainly found 
in the proximal part. The mejority (39%) of subclavian 
artery aneurysms are located in the proximal segment of 
the subclavian artery, and the niddle and distal segments 
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account for 25% and 24%, respectively.) Furthermore, 
thromboembolic complications are mainly related to 
distal aneurysms, and middle and proximal aneurysms 
appear to have a tendency to rupture. 

An operation should be considered in all cases because 
the risk of thromboembolic complications is unrelated 
to the diameter of the aneurysms.*» The approach of 
surgery differs according to the location of the aneu- 
rysms. Aneurysms of the distal and middle part of the 
subclavian artery are easily exposed by a supraclavicular 
incision. If the surgical view is poor, and further explora- 
tion is required, an infraclavicular incision or clavicular 
division (or resection) may also be used.?” Bito et al.” 
reported a successful case of exposing the middle part 
of the subclavian artery with a clavicular division, and 
concluded that dividing the clavicle is considered useful 
for achieving an adequate operative field to treat the ves- 
sel safely. Repair of these portions is usually achieved by 
resecting the aneurysm and vascular graft replacement. 

The access and procedure for the proximal part of 
subclavian artery aneurysms is fairly complicated. It is 
essentially different from whether right or left because 
the right subclavian artery originates from the brachio- 
cephalic artery and the left subclavian artery originates 
from the thoracic aortic arch. Proximal aneurysms of 
the left subclavian artery can be approached through 
a high, left posterolateral thoracotomy. Moreover, if 
aneurysms originate from only the ostium of the aorta, 
a median sternotomy (with left supraclavicular exten- 
sion”) is necessary and aortic arch replacement may be 
able to be performed. On the other hand, access options 
for proximal right subclavian artery aneurysms are right 
thoracotomy or median sternotomy, if necessary, with 
supra or infraclavicular incisions. Several surgical tech- 
niques have been reported for proximal right subclavian 
artery aneurysms. Currently, it appears that arterial 
graft interposition or primary end-to-end anastomosis 
is common subsequent to aneurysmal resection.”) We 
reconstructed the brachiocephalic and right common 
carotid arteries and bypassed to the distal part of the right 
subclavian artery because of the following reasons: First, 
the aneurysm extended from the origin of the subclavian 
artery (the innominate bifurcation); in this situation, it 
was difficult to reconstruct only the right subclavian 
artery because the proximal anastomotic neck could not 
be preserved. Second, the aneurysm was adhesive and 
large, so the distal anastomosis site of the subclavian 
artery could not be mobilized to anastomose in an end- 
to-end fashion from sternotomy and supraclavicular 
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sides. Furthermore, separation of aneurysm was risky 
considering the bleeding. For these reasons, we decided 
to close as a stump at just distal side iof the aneurysm 
with aneurismal exclusion and bypass to the distal part of 
the right subclavian artery. By excluding the aneurysm, 
there was concern about aneurysmal expansion due to the 
back pressure exerted by several inflow arteries toward 
the aneurysm. Salo et al.” recommend aneurysmal exclu- 
sion rather than resection; they suggest that exclusion is 
technically easier than resection and achieves the same 
postoperative long-term results. Although aneurysmal 
expansion due to back pressure is a possibility, in our 
case, enhanced CT at the 1 year follow-up showed that 
the excluded aneurysm had regressed. It is important to 
conduct further clinical follow-ups. 

Concerning the reconstruction of the right carotid 
artery, preoperative assessment of craniocervical arteries 
by contrast enhanced CT and magnetic resonance imag- 
ing is necessary. In our case, the vertebral artery was 
demonstrated left dominant; therefore, we monitored the 
rSO, of the brain during operation. By monitoring with 
INVOS, we could decide whether to use a temporary 
shunt intraoperatively. Thus, an aorto-right common 
carotid temporal shunt should be established to ensure 
safety of the procedure and reduce the risk of cerebral 
ischemia and infarction. A preoperative knowledge of 
whether the brachiocephalic artery could be clumped, 
such as Matas test would be useful. 

Conventional treatment for subclavian artery aneu- 
rysms is surgical repair and the use of endovascular repair 
has been increasing. Morbidity and mortality rates of 
open and endovascular repair are within the same range.”) 
Vierhout et al.» described in a review of the literature that 
the subclavian artery is extremely mobile and exposed 
to rotational forces during abduction and ante-flexion of 
the arm. Therefore, a stent-graft has to be flexible and 
resistant to kinking and fracture. Furthermore, a variety 
of stent-grafts have been used to date. In-stent stenosis 
and thrombosis were observed in early series; however, in 


recent studies, the patency of stent-grafts appears to have 


increased. Patency results of endovascular treatment may 
further increase with the development of better stent-grafts 
and improved postprocedural pharmacotherapy. In our 
case, the endovascular repair seemed to be difficult. The 
subclavian artery aneurysm originated just innominate 
bifurcation. When we consider endovascular repair, the 
proximal landing zone could not be secured. Resch et al.!© 
reported a combined open and endovascular approach for 
such an aneurysm of the innominate bifurcation. They 
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achieved to deploy the endograft extending from the in- 
nominate into the common carotid artery with a carotid- 
subclavian bypass and ligation of the subclavian artery 
distal to the aneurysm. Their reported case was past 
history of ascending aortic repair combined with valve 
replacement. In such reoperative and high risk cases, an 
endovascular repair might be considered. 


CONCLUSION 


We experienced an intrathoracic aneurysm of the 
proximal part of the right subclavian artery. We consider 
that entire brachiocephalic artery and right common ca- 
rotid artery reconstructions are useful when the proximal 
anastomotic neck cannot be preserved. In cases where it 
is difficult to anastomose the distal side, it might be use- 
ful to close as a stump at just distal side of the aneurysm 
with aneurismal exclusion and bypass to the distal part 
of the right subclavian artery. 
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Sural Artery Bypass in Buerger’s Disease: Report of a Case 
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A 72 year-old man was admitted to the hospital to receive treatment for resting pain and an ulcer, which 
had developed on an amputation stump, 4 months after he had undergone a thrombectomy, below-the-knee 
popliteal-dorsal pedis artery bypass of his left leg, and digital amputation of his 2nd toe. Angiography 
demonstrated diffuse arterial and bypass occlusion in his left leg that did not include a sural artery, 
which was the main collateral. Therefore, the patient underwent reversed saphenous vein bypass from 
the common femoral artery to the medial sural artery. His leg pain disappeared, and the ulcer healed 


promptly. 


Keywords: sural artery bypass, perigenicular artery bypass, collateral artery bypass 


INTRODUCTION 


Roo is the primary option in the manage- 
ent of critical limb ischemia. Previous studies have 
described bypass to the perigeniculate collateral arteries 
as an option for limb salvage in selected patients, such 
as in cases of extensive disease, previous failed endo- or 
open vascular attempts, lack of the usual crural arterial 
runoffs or autogenous substitutes being common scenar- 
ios.” However, the use of this bypass has been restricted 
to a few groups of vascular surgeons. This report presents 
one case of a successful sural artery bypass in a patient 
with Buerger’s disease, who presented with rest pain in 
the leg due to occlusion of the previous distal bypass. 
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CaSE REPORT 


A 72 year-old man, who had smoked for fifty years, 
was diagnosed with diabetes mellitus. He had suffered 
the thrombophlebitis of his left leg one vear earlier and 
was admitted to the hospital to receive treatment for 
coldness, cyanosis and severe rest pain in his leg and a 
painful ulcer, measuring approximately 8 mm in diam- 
eter, which had developed on the amputation stump of 
the left 2nd toe. He had undergone thrombectomy of his 
left leg 5 months earlier and left below-the-knee popliteal 
to dorsal pedis artery bypass using a reversed saphenous 
vein graft and amputation of the left 2nd toe 4 months 
earlier. His ankle-brachial pressure index was immea- 
surable. Electrocardiogram showed sinus rhythm and 
no ischemic changes. Computer tomography showed no 
embolic sources, no peripheral aneurysms nor evidence of 
popliteal entrapment. Angiography demonstrated diffuse 
arterial occlusion, occlusion of the superficial femoral 
artery, popliteal artery and crural artery of his leg and the 
bypass graft. However, the sural artery was dilated, and it 
was the main collateral to the calf (Fig. 1). He underwent 
arterial bypass from the common femoral artery to the 
medial sural artery with a reversed contralateral saphe- 
nous vein graft to treat the ischemic lower extremity, The 
medial sural artery was exposed via a medial approach. 
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Fig. | Pre-operative angiogram. 


The left superficial femoral, popliteal and crural arteries w 


lateral to the lower leg. 


popliteal incision extended to the proximal site along 
posterior edge of the semitendinosus muscle. The crural 
fascia was incised posteriorly toward the proximal site 
along the semimembranosus and semitendinosus muscle 
and peeled carefully from the surface of the medial head 
of the gastrocnemius muscle. The medial sural artery was 
exposed from its origin from the popliteal artery into the 
medial head of the gastrocnemius muscle surrounded by 
a venous plexus. There were two medial sural arteries 
and both of them were similar in size to the usual pero- 
neal artery. One of them was going into the medial head 
of the gastrocnemius muscle deeply, so we decided the 
other one as a target vessel that seemed easier to anasto- 
mose in technically. The wall was not fragile, and there 
were no atherosclerotic changes. The distal anastomosis 
was performed with 6—0 polypropylene sutures _using a 


` 
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‘as the main col- 


Sy 


ere occluded. A dilated sural artery (arrow) w 


pneumatic tourniquet to control bleeding, minimizing the 
extent of sural artery exposure and decreasing the risk 
of clamp injury (Fig. 2). Histopathological finding of the 
superficial femoral artery was supportive for Buerger’s 
disease, as it showed mild inflammatory changes in tu- 
nia media and intimal thickening associated with fresh 
thrombosis. | 

The patient’s postoperative course was uneventful. 
Though his postoperative ankle-brachial pressure index 
was still immeasurable, his foot became warm, and his 
eg pain disappeared. Postoperative angiography showed 
a patent bypass graft and good collateral blood flow to 
the calf muscle (Fig. 3). The patient was discharged 16 
days following surgery. The ulcer shrunk promptly and 
healed two months after surgery. 
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gastrocnemius muscle *s 








Fig. 2 Intra-opetative findings. a 
a: The medial sural artery surrounded by a 
venous plexus (arrow) was exposed, arising b 


from the popliteal artery and passing into the 
medial head of the gastrocnemius muscle. 

b: A reversed saphenous vein graft (arrow) 
was anastomosed end-to-side to the medial 
sural artery using 6-0 polypropylene sutures. 


DISCUSSION 


Perigeniculate arteries are important collateral ves- 
sels in the lower leg, in patients with occlusion of the 
popliteal artery. Mannick et al. first reported that limb 
salvage could be achieved in patients with an isolated 
(“blind”) popliteal artery segment (IPAS) by performing 
a femoropopliteal bypass with a reversed saphenous vein 
in 1967.® This procedure has been favored for patients 
with critical limb ischemia (CLI). Ballotta et al. reported 
that revascularizations to an IPAS can achieve acceptable 


results in terms of patency and limb salvage, with 3 year 


cumulative patency and limb salvage rates of 76% and 
82%, respectively, even when there is no infrapopliteal 
runoff vessel.” Bypass to the perigeniculate collateral 
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Fig.3 Post-operative angiogram. 
The bypass graft (arrow) was patent, and goo¢ 


blood flow to the calf muscle was confirmed. 


arteries is also described as an option for limb salvage 
in selected patients. Shindo et al. first reported a case of 
successful sural artery bypass for a patient with critical 
limb ischemia due to Buerger’s disease in 1995,!) 

Two important collateral vessels are used for peri- 
geniculate artery bypass, the highest genicular artery 
and the medial sural artery. The medial sural artery is 
one of the perigeniculate collateral vessels, and it arises 
from the posterior wall of the popliteal artery at the knee 
joint. de Latour et al.” reported that sural arteries present 
several advantages as distal anastomosis sites for lower 
limb bypass grafts. First, grafts to these arteries can 
be shorter, measuring between 25 and 35 centimeters. 
in length. Short conduit length not only improves graft 


quality but also increases circulatory velocity by reducing 


20 


Matsumoto H, et al. 


flow resistance. The second advantage is the availabil- 
ity of a good quality recipient artery. Like the internal 
thoracic artery, the perigeniculate collateral arteries are 
usually disease-free. This feature is especially important 
in patients with diabetes and renal insufficiency who 
often have calcified vessels. The third advantage of the 
perigeniculate collateral arteries is their mean diameter, 


ies. Brochado Neto et al. reported perigeniculate artery 
bypasses were performed to treat different combinations 
of advanced arterial disease, previously failed reconstruc- 
tions, insufficient length of the available vein, and spread- 
ing infection in the affected limb.” De Latour et al.” and 
De Luccia et al.® reported that perigeniculate collateral 
artery bypasses can achieve acceptable results, in terms of 
patency and limb salvage rates, with 3 year primary, sec- 
ondary patency, and limb salvage rates of 64.7%~74.7%, 
69.9% —-83.4% and 73.5%—90.2%, respectively. 
Exposure of the sural artery through the medial ap- 
proach seemed difficult because the mid portion of the 
popliteal artery is not usually used as a distal site of 
anastomosis in a femoro-popliteal artery bypass. Barral 
et al. described the surgical procedure for sural artery by- 
pass.”’ They used a slightly lower incision in comparison 
to the classic medial above-the-knee popliteal incision for 
exposure of the sural artery. The sural arteries arise from 
the posterior aspect of the mid-popliteal artery, approxi- 
mately 1 to 2 cm above the interarticular line. There 1s 
both a medial and a lateral sural artery, and they feed the 
respective heads of the gastrocnemius muscle, traveling 
with the sural branches of the tibial nerve. Barral et al. 
used the medial artery, which is surrounded by a venous 
plexus that is carefully freed down to the level at which 
the artery descends into the gastrocnemius muscle.” This 
muscle can be mobilized and divided for 1 to 2 cm to al- 
low the exposure of an additional 3 to 4 cm of artery. One 
of the advantages of this procedure is that this allows the 
surgeon to completely avoid below-the-knee incisions, 
which are more likely to present wound-healing difficul- 
ties. Another advantage is that there is no need to divide 
any muscles by this procedure, because it is important 
to avoid injury of any collateral vessels. However, expo- 
sure of the above-the-knee popliteal artery through the 
posterior path of the sartorius muscle is unusual because 
the classical approach is through the anterior path of the 
sartorius muscle. The current procedure used a classic 
medial below-the-knee popliteal incision extended to the 
proximal site along the posterior edge of the semitendi- 
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nosus muscle after the crural fascia was peeled carefully 
from the surface of the media! head of the gastrocnemius 
muscle to expose the medial sural artery surrounded by 
a venous plexus passing into the medial head of gastroc- 
nemius muscle. Though a longer below-the-knee incision 
was needed in comparison to the approach reported by 
Barral et al., the current procedure made it relatively 
easy to evaluate the orientation and was an acceptable 
procedure indeed for surgeons with little experience with 
perigeniculate artery bypass. 

The collateral artery originally has a small diameter 
that increases in size with time to replace the occluded 
main arterial tree, but the wall seemed relatively thin in 
the current case. Regular vascular clamps could easily 
damage this fragile vascular wall. Therefore, a pneumatic 
tourniquet was used to control the bleeding during the 
distal anastomosis. A pneumatic tourniquet substitutes 
for vascular clamps to preserve the integrity of the ves- 
sel because it gently and firmly occluded the arteries. It 
is also useful in the collateral artery bypass because it 
provides an unhindered operative field. 

There are only few previous reports of sural artery 
bypasses, so the efficacy of this bypass still remains 
uncertain. We had no way to predict the efficiency of the 
bypass preoperatively. Skin perfusion pressure (SPP) is 
one of the useful tools for evaluating outcome of isch- 
emic foot ulcer with conservative therapy, as Urabe et 
al. reported.'” It seemed that SPP may be one of the as- 
sisted predictors of quality of the perfusion of the sural 
artery bypass before the ulcer recurrence. Barral et al. 
reported that bypass to a perigeniculate vessel alone may 
not be sufficient to allow tissue healing in the patient with 
extensive foot necrosis,” and such patients may require 
a more distal bypass to achieve limb salvage. However, 
the perigenicular artery bypass can be a valid option for 
limb salvage in selected patients with no calcification in 
the diseased arteries. 


CONCLUSION 


This report presented a case of a successful sural ar- 
tery bypass in a patient with critical limb ischemia due 
to Buerger’s disease. A sural artery bypass 1s a treatment 
option for critical limb ischemia in selected patients with 
minimal arterial calcification, particularly those who are 
poor candidates for conventional surgical or endovascular 
revascularization. 
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A Case Report of Aneuysmectomy after 
Thrombo-Intimectomy for Spontaneous Isolated Superior 


Mesenteric Artery Dissection 


Hirono Satokawa, MD,’ Yuki Seto, MD,' Akihiro Yamamoto, MD,' Hitoshi Yokoyamz, MD,’ 
Michihiko Kogure, MD,* Ohtani Satoshi, MD.* and Mitsukazu Gotoh, MD? 


A 53 year-old man was admitted with acute onset of severe abdominal pain, and we performed emergent 


thrombectomy and intimectomy for acute, complete occlusion of superior mesenteric artery (SMA) due 
to its spontaneous dissection. However, 4 months later the operated part of tae SMA enlarged due to 
aneurysm and the patient was treated by aneuysmectomy and iliac-mesenteric bypass using a saphenous 


vein. Aggressive treatment such as surgical or endovascular procedure is necessary for severe ischemia 


due to SMA dissection. 


Keywords: dissection, superior mesenteric artery, surgery 


INTRODUCTION 


| ree superior mesenteric artery (SMA) dissection 
without an aortic dissection is a rare disorder. However, 
which ameng visceral artery dissections, it 1s the most 
common.” Early diagnosis of this disease has become 
relatively easy due to advances in imaging modalities. 
There is no well-established management protocol for 
SMA dissection. 

Herein we describe a patient who was treated by surgi- 
cal proce 





ure. 
Case REPORT 


A 53 year-old man went to another institute with a 
3-hour history of severe epigastric and periumbilical 
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pain. Abdominal CT was performed and then he was 
transported to our institute wich diagnosis of acute abdo- 
men. On examination, he had a temperature of 37.2°C, 
blood pressure 146/70 mmHg heart rate of 116/min with 
regular rhythm. His abdomen was slightly distended with 
strong epigastric tenderness and slight muscular defense. 
The laboratory data revealed no anemia, no increase of 








hepatic transaminase and no acidosis of blood gas. A 
contrast-enhanced CT scan revealed the dissection of the 
SMA starting approximately 2 cm from the origin and 


obstruction of the arterial lumen (Fig. 1). We diagnosed 
acute obstruction of SMA due to SMA dissection and 


judged the necessity of emergent surgery. 


A median abdominal incision was made, and lapa- 
rotomy was done. There were slight serous ascites and 
the small intestine showed moderate thickening. There 
was no visible peristalsis. Palsation of the SMA was 
not palpable at the branching of middle colic artery. A 
transverse incision was made The SMA was filled with 
fresh thrombus and had a dissection flap. Thrombectomy 
using a3 Fr Fogarty catheter and intimectomy were per- 
formed. The antegrade pulsati e blood flow was obtained, 
and the arterectomy was repaired directly by a running 
suture of 6-0 polypropylene. The arteries of intestines 
could be confirmed pulsation and those colors improved. 
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Surgical Case of Isolated SMA Dissection 





Fig. 1 CT scan of the superior mesenteric dissection. 
Left: the SMA was occluded due to the dissection (white triangle); center: 3D view showed the 
enlarged SMA (black arrow) at 4 months later after the Ist operation; right: CT showed ilio-ileal 


artery bypass after the 2nd operation. 
SMA: superior mesenteric artery 


We judged that the ischemia was recovered and did not 
add other procedures to the intestines. The patient was 
started oral intake from the Sth post-operative day and 
discharged without complications. 

However, the follow up CT four months later showed 
that his SMA was dilated, and we made the decision to 
reoperate. Contrast CT revealed that the SMA was 30 mm 
in diameter with thickened wall and dissection between 
about 3 cm from aortic origin and the distal part. We 
thought that there was a risk of rupture. The reoperation 
was done by median incision, and careful exfoliation 
was performed because of severe adhesion. The SMA 
was exposed from the origin to the whole aneurysm with 
the branches. The SMA had no communication with the 
inferior pancreaticoduodenal artery but had branches of 
a middle colic artery, a right colic artery, an ileocolic 
artery and two ileal arteries. After heparinization, the 
ostium of the SMA was doubly ligated, the dilated SMA 
was opened. The aneurysmal wall was found to be thick- 
ened. The middle colic artery, the right colic artery and 
the ileocolic artery, which were slender and had good 
back flow, were occluded by suture ligation. The two 
ileal arteries were bypassed using saphenous vein from 
the right common iliac artery. The excised aneurysmal 
wall histologically showed myxomatous change and de- 
struction of the media, which were suspected of cystic 
medial necrosis (Fig. 2) After the operation the patient 
suffered from complications of paralytic ileus. However, 
his condition improved, and he was discharged. 
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DISCUSSION 


Isolated dissection of abdominal visceral artery with- 
out an aortic dissection is relatively rare. Among such 
dissections, SMA dissection is the most frequent!) and 
more frequently detected due to the increasing use of 
CT.” The pathogenesis of SMA dissection has been not 
resolved, but its relationship with hypertension, smoking, 
trauma, cystic medial necrosis, fibromuscular dysplasia. 
atherosclerosis, vasculitis, connective tissue disease and 
segmental mediolytic arteriopathy has been investigated. 
This patient smoked, and the histopathological findings 
suggested cystic medial necrosis of the SMA. The natura! 
course of SMA dissection would include limited progress 
with cessation, progressive involvement of the vessel. 
reestablishment of flow into the true lumen, or rupture 
through the adventitia.” 

Various treatments have been applied to SMA dis- 
section. Therapeutic procedures include conservative. 
medical, endovascular and surgical treatments. Original 
conservative treatment consisted of bowel rest and obser- 
vation. One review found that conservative treatment was 
successful in 31 of 56 patients (55%).*) Medical treatment 
includes antiplatelets, anticoagulant, antihypertensive 
drugs, anti-inflammatory drugs and steroid.’ At first. 
medical treatment with or without anticoagulation agent 
is recommended for SMA dissection where there is no 
evidence of bowel ischemia. Successful recovery by med- 
ical treatment was reported at 55%—63%.7-°’) However. 
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Fig. 2 Histopathology of SMA wall. 





The excised specimen revealed that arterial wall structure was destructed with 
myxomatous degeneration and gathering of macrophages. (Hematoxilin-Eosin 


staining, left: x 50; right: x 200) 
SMA: superior mesenteric artery 
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Fig. 3 Algorithm for management of spontaneous SMA dissection. 


SMA: superior mesenteric artery 


medical treatment will fail in over one third of the cases 
of SMA dissection and require further intervention.°) 
Physicians should consider that treatment may fail to pre- 
vent the progression of bowel ischemia and aneurysmal 
dilatation (Fig. 3). It is not easy to diagnose the bowel 
ischemia which needs revascularization. Subhas et al.” 
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advocated the management algorithm and recommended 
diagnostic laparoscopy. In a severe case, closed observa- 
tion is necessary and intensive care including surgical 
treatment with lapatoromy should be considered without 
hesitation. In such cases, a less invasive treatment is pre- 
ferred, and endovascular management of stent placement 
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or balloon angioplasty is selected for SMA dissection.*”? 
Most of reported patients with endovascular treatment 
showed good results, although the follow-up periods 
have been short. Surgical procedures have been variously 
reported, including thrombectomy, endoaneurysmorrha- 
phy, intimectomy, ligation, resection, and bypass surgery. 
Operative revascularization is indicated when there are 
signs and symptoms of intestinal ischemia, progression 
of dissection or aneurysm, narrowing of the true lumen/ 
thrombosis of true lumen or saccular aneurysm formation 
that is likely to rupture or embolize.”) Absolute surgical 
indications are arterial rupture and intestinal infarction. 
Intestinal resection may be required if ischemic necrosis 
is present. At the first operation we performed emergent 
thrombectomy and intimectomy because of severe symp- 
toms and abdominal findings. Subsequently, the SMA 
enlarged and changed into an aneurysm due to the wall 
weakness or due to the surgical effect of thrombectomy. 
Because the reported surgical cases of SMA dissection 
were few, the long-term results of surgical techniques 
and the complications are not clear. We should select the 
surgical procedures and should follow up the clinical 
course in consideration of such complications. 

Sakamoto et al. categorized SMA dissection into four 
types: type I, patent false lumen with both entry and re- 
entry; type II, ‘cul-de-sac’ shaped false lumen without 
re-entry; type HI, thrombosed false lumen with ulcer-like 
projection (ULP); and type IV, completely thrombosed 
false lumen without ULP.® Sakamoto reported that one 
patient with type II needed urgent surgery because of 
small bowel ischemia and 11 other patients were treated 
conservatively. Zerbib et al.” proposed a modified clas- 
sification: type I — IV of Sakamoto’s classification; type 
V, aneurysmal dissection with stenosis of the distal part 
of the SMA; and type VI, total [VIa] or partial [VIb] 
thrombosis of the SMA. Most patients of type I respond 
to conservative treatment but need long time follow-up. 
Zerbib recommended that intervention should be consid- 
ered in types II, I, V, and VI, when there are dissecting 
aneurysms at least 2 cm in diameter, or stenosis over than 
70%.) And some algorithms for management of SMA 
dissection are advocated.**+°) Our patient belonged to 
type VIa and the CT revealed long segment obstruction 
at the onset. 

Because of an increasing trend to use CT scanning 
due to improvement of CT resolution,!® most of the cases 
reported are within the last ten years.” We experienced 
ten patients with SMA dissection during the past 7 years. 
Among the ten there was no intervention due to risk of 
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rupture at acute or subacute onset periods. There was 
another one patient received endovascular treatment due 
to the SMA occlusion except this case. The treatment 
should be decided according to the symptoms, signs and 
the dissection configuration. 


CONCLUSION 


We report a rare case of isolated SMA dissection, 
which was treated by surgical procedure. Thrombectomy 
with intimectomy were first performed. Four months later 
anerysmectomy and mesenteric bypass were done for the 
dilated SMA. Surgery or endovascular treatments are 
indicated when symptoms are acute and there is suspicion 
of. mesenteric ischemia. 
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Mycotic Celiac Artery Aneurysm Following Infective 
Endocarditis: Successful Treatment Using N-butyl 
Cyanoacrylate with Embolization Coils 
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Mycotic celiac artery aneurysm following infective endocarditis is extremely rare and, to our knowledge, 
only four cases have been reported in the literature to date. We describe the case of a 60 year-old man 
who developed a mycotic aneurysm of the celiac artery, which was detected by computed tomography 
(CT) following an episode of infective endocarditis. He successfully underweat endovascular isolation 


and packing of the aneurysm using N-butyl cyanoacrylate (NBCA) with embolization coils. 


Keywords: mycotic celiac artery aneurysm, embolization, n-butyl cyanoacrylate 


INTRODUCTION 


Aoo of the celiac artery accounts for 4% of all 
visceral artery aneurysms (VAA).! Mycotic celiac 
artery aneurysm is extremely rare and, to our knowledge, 
only four cases have been reported in the literature to 
date.*® We present a case of mycotic celiac artery aneu- 
rysm following an episode of infectious endocarditis. The 
aneurysm was detected on computed tomography (CT) 
and successfully treated by endovascular therapy using 
N-butyl cyanoacrylate (NBCA) with embolization coils. 


Case REPORT 


A 60 year-old man who was a healthy and had no 
previous diseases. The patient was referred to our 
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hospital with a history of persistent fever since four 
months developed a headache, in addition to the fever. 
Cranial magnetic resonance imaging (MRI) revealed 
chronic, multiple cerebellar infarcts. Blood tests per- 
formed on admission revealed a high white blood cell 
counts (14000/u1; normal, <9000/u)) and high C-reactive 
protein levels(5.767 mg/dl; normal, <0.5 mg/dl). The 
patient was diagnosed with infective endocarditis on 
the basis of echocardiographic findings, which revealed 
vegetation in the anterior mitral leaflet and aortic valve. 
Initial CT scans performed on admission did not reveal 
any abnormal findings (Fig. ŁA). Blood culture revealed 
the presence of Strepfococcus, consequently, a course 
of antibiotics (ampicillin+ gentamicin) was initiated. On 
the seventh day after admission, the patient complained 
of abdominal pain. An abdominal X-ray indicated ileus 
and blood tests revealed mildly elevated liver function: 
however, abdominal ultrasound imaging showed no ab- 
normal findings. Hazy mesenteric fat around the celiac 
artery was observed on CT images (Fig. 1B), which was 
later identified as the first sign of inflammation. The ileus 
improved with conservative treatment. 

On the thirteenth day after admission, aortic and mitral 
valve replacement surgery was performed. Aortic valve was 
replaced by mechanical valve (CarboMedics Top Hat valve, 
23 mm, CarboMedics, Inc., Austin, TX, USA). Mitral valve 
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Fig. 1 Computed tomography imaging. 


A: Computed tomography imaging at the time of hospitalization. There are no abnormal find- 
ings. B: Seventh day after hospitalization. Hazy fat density is observed around the celiac artery 
(arrow). C: Thirtieth day after hospitalization. A celiac artery aneurysm (arrow) with a diameter 
of 17 mm is observed. D: Nine months after hospitalization. Expansion of the celiac artery an- 
eurysm (from17 mm to 50 mm) is observed. The aneurysm was suspected a pseudoaneurysm. 
and there is sever adhesion among surrounding tissues. 


was also replaced mechanical valve (CarboMedics standard 
mitral valve, 25 mm, CarboMedics, Inc., Austin, Tx, USA). 
The cultures of those valves were negative. 

CT imaging prior to surgery revealed an aneurysm 
of approximately 17 mm in diameter in the celiac artery 
(Fig. 1C). Although the clinical course of the patient indi- 
cated the diagnosis of a mycotic aneurysm, we decided to 
keep the patient under strict observation. The patients was 
given antibiotics via an intravenous route for two weeks 
following valve replacement surgery and wasswitched 
to an oral route thereafter. Postoperative CT imaging 
was performed at regular intervals, but no change was 
observed in the size of the aneurysm. His postoperative 
course was uneventful, and he was discharged on the 
sixteenth postoperative day. 

A CT scan (Fig. 1D) performed eight months after 
valve replacement surgery (9 months after admission) 
revealed a sudden enlargement of the aneurysm (from 
17 mm to 50 mm), leading to the suspicion of a pseudoan- 
eurysm (Fig. 2). He had no symptoms and no fever. Blood 
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tests performed on admission revealed a normal white 
blood cell counts (6300/u1; normal, <9000/1) and norma! 
C-reactive protein levels(0.57 mg/dl; normal, <0.5 mg/dl). 
The aneurysm was large enough to alter the shape of the 
pancreas. We suspected the pseudoaneurysm. There is 
the sever adhesion among the celiac artery aneurysm and 
surrounding tissues. (Fig. 1D). Because he took Warfarin 
and Aspirin, he had a greater risk of bleeding. We thought 
open surgical repairs were difficult. Therefore, endovas- 
cular embolization was attempted using an approach via 
the right femoral artery. There were no abnormalities in 
the superior mesenteric artery (SMA) and portal vein. 
Celiac angiography revealed a fusiform aneurysm in the 
trunk of the celiac artery and a pseudoaneurysm located 
below it (Fig. 3A). The common hepatic and splenic arter- 
ies diverged at the fusiform aneurysm, and the left gastric 
artery branched off the celiac artery from the proximal 
side of the aneurysm (Fig. 3A). 

First, we performed the embolization of the common 
hepatic artery using an interlocking detachable coil 
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after hospitalization 


Three-dimensional computed tomography reveals a celiac 
artery aneurysm (arrow head) and a pseudoaneurysm 


located below it (%). 
CHA: common hepatic artery; LGA: left gastric artery; 
SpA: splenic artery; SMA: superior mesenteric artery 


system (IDC system; Boston Scientific Corp., Massachu- 
setts, USA) and fibered IDC system (Boston Scientific 
Corp.). Similarly, selective embolization of the splenic ar- 
tery was performed using the IDC system. For tight pack- 
ing of the aneurysm, we injected iodized oil (Lipiodol; 
Guerbet, Aulnay-sous-Bois, France) and NBCA (Histo- 
acryl; B.Braun Melsungen AG, Melsungen, Germany) in 
a 1:1 ratio into a nest of detachable coils(Cook Medical, 
Indiana, USA) in the celiac axis under temporary balloon 
occlusion (3.3F; Fuji Systems Corporation, Tokyo, Japan) 
to prevent glue migration. Finally, embolization of the 
celiac axis distal to the left gastric artery was performed 
using the fibered IDC system, and isolation and packing 
of the whole aneurysm was completed (Fig. 3B). Post- 
operatively, normal perfusion to the liver and spleen via 
a collateral circulation was observed; in addition, there 
were no postoperative complications. Follow-up MRI 
revealed shrinkage of the aneurysm; moreover, there was 
no recurrent infection or recanalization of the aneurysm 
twelve months after the embolization procedure. 


DISCUSSION 


Celiac artery aneurysms, which account for approxi- 
mately 4% ofall VA As,” may extend to involve the major 
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Fig.2 Three-dimensional computed tomography nine months 
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A: Primary selective angiography of the celiac trunk. 

B: After isolation and packing of the aneurysm, collaterals 
to the liver (arrow) and the spleen via the patent left gastric 
artery are identified. 

CHA: common hepatic artery; LGA: left gastric artery; 
SpA: splenic artery 


branches of the celiac artery to varying degrees.” My- 
cotic aneurysms, on the other hand, tend to be multiple, 
with the most common site of involvement being the 
femoral artery. However, most mycotic VA As occur in 
SMA.4® Mycotic celiac artery aneurysm due to infective 
endocarditis is extremely rare, and, to our knowledge, 
only four cases have been reported in the literature to 
date. (Sweany, 1919; Zeppa, 1966; Jatene, 1990; and Dor 
1993)° © 

Celiac artery aneurysms presumably arise as a result 
of arteriosclerosis and medial degeneration; however, 
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trauma, dissection, and Takayasu arteritis can also be 
causes.” Because our patient had a medical history of 
infective endocarditis, we deduced that he developed 
a pseudoaneurysm subsequent to inflammation of the 
visceral wall, which was induced by septic emboli. 
Early recognition and accurate characterization of 
this vascular anomaly are essential because the operative 
mortality rate increases from approximately 5% to 40% 
if the aneurysm ruptures during surgical intervention.” 
Because of the rarity of these aneurysms, their natural 
history is poorly understood. Criteria for intervention in 
asymptomatic patients should include the following: aneu- 
rysms >2 cm in diameter with reasonable operative risk, 
radiologic evidence of increasing aneurysm size, or size 
>3—4 times the original diameter of the vessel (8 mm).” 
Even so, a mycotic celiac artery aneurysm that rup- 
tured on attaining a size of 1.5 cm has been reported.” 
However, these were small studies; as a consequence, 
no strict size criterion has been identified as a risk for 
rupture. In our case, the earliest CT finding (Fig. 1) was 
that of hazy mesenteric fat around the celiac artery. Retro- 
spectively, we believe this hazy mesenteric fat be the first 
sign of inflammation.» Thus, we advocate frequent CT 
scanning to check for the appearance of hazy mesenteric 
fat around visceral arteries and to evaluate the possible 
formation of VAA. 
Treatment options for VAA include conventional open 
surgery and less invasive catheter-based techniques. Sev- 
eral reports document low morbidity and mortality rates 
with endovascular intervention for VAA, with technical 
success rates reportedly ranging from 75% to 100%.” 
Saltzberg et al.” recommended endovascular repair as a 
first line of treatment for VAAs in anatomically suitable 
cases, excluding those with lesions located in the distal 
splenic artery. Endovascular techniques confer many 
possible advantages: anatomic localization; ability to 
perform with local anesthesia; easy assessment of col- 
lateral circulation; decreased postoperative complications 
including ileus obstruction, abscess, bleeding, wound 
infection, and pancreatitis; and shorter hospital stays. 
However, complications of coil embolization include end 
organ infarction, sacrifice of the visceral vessel aneurysm 
recurrence, abscess, arterial disruption, contrast-induced 
acute kidney injury, pain, fever, embolism, infarction, and 
access site hematomas.” Occlusion of the celiac trunk 
should be avoided if the portal vein or SMA are not patent 
or in cases of liver dysfunction. Occlusion of the gastro- 
duodenal artery also presents a relative contraindication. 
According to classical surgical considerations, implan- 
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tation of prosthetic material in an infected environment 
could hamper a favorable long-term outcome. However, 
endovascular treatment with appropriate antibiotic 
therapy can also be a definitive line of treatment, with 
the advantages of reduced invasiveness in patients with 
extensive comorbidities. However, regular follow-ups 
with blood analysis and ultrasonography to check for 
additional aneurysm formation due to recurrent infection 
is mandatory after endovascular treatment. 

In this case, we were able to safely perform distal em- 
bolization with packing within the aneurysmal sac and 
proximal embolization of the celiac axis. Packing of the 
aneurysm, using both coils and NBCA, was extremely 
effective in terms of cost and procedure time. Moreover, 
it is safer to use NBCA with coils because it tends to ag- 
gregate in the coil nest. In addition, decreased blood flow 
under temporary balloon occlusion prevents the distal 
embolization of glue. This combination decreases the 
amount of NBCA injected and the number of expensive 
coils delivered around the aneurysm. Limiting the number 
of coils delivered into the aneurysm is also important to 
reduce the risk of periprocedural aneurysm rupture due 
to enlargement of the aneurysm.!” 

An important potential risk of endovascular treatment 
is postoperative recanalization or regrowth of the aneu- 
rysm. However, because artifacts from the metallic coils 
disrupt postoperative CT surveillance,” long-term follow 
up may require duplex ultrasonography, MRI/angiogra- 
phy, or conventional, digital subtraction angiography. 

Endovascular treatment of celiac artery aneurysms is 
now recognized as a relatively safe and effective method, 
even for mycotic aneurysms. In future, randomized 
controlled studies with long-term follow-up after endo- 
vascular treatment should be considered to establish the 
indications for endovascular treatment as an alternative 
to surgical intervention. 


CONCLUSION 


Few reports exist on the clinical course of mycotic 
celiac artery aneurysms. The initial CT sign of a mycotic 
aneurysm is a hazy fat density, which is indicative of fat 
in the periarterial tissue. Periodic follow-up CT imaging 
should be performed at short intervals, in addition to a 
strict antibiotic regimen, when this finding is detected 
on initial CT. If the aneurysm appears to be expanding, 
treatment must be promptly initiated irrespective of size. 
In this case, endovascular therapy was both effective and 
safe. Strict follow-up observations are necessary to reduce 
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the possibility of recurrent infection, which may lead to 
the formation of additional aneurysms. 
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Congenital Systemic-Pulmonary Collateral Vein 
Unexpectedly Noticed after Central Venous Catheter 
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Congenital systemic-pulmonary collateral vein (i.e. levoatriocardinal vein) is an uncommon cardiac 
anomaly. We report a rare case of congenital systemic-pulmonary collateral vein incidentally noticed after 
accidental migration of a central venous catheter. Cardiac CT showed the vertical vein connected to the 
left upper pulmonary vein (LUPV) and another thin abnormal vessel was shown running caudally from 
the LUPV, connecting to the coronary sinus. Furthermore, the normal connection between the LUPY and 
the left atrium remained. There were two levoatriocardinal veins from the LUPV without atrial egress 
failure. To our knowledge, this might be the first report of such a case. 
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INTRODUCTION 


Co venous (CV) catheters are frequently used for 
administration of chemotherapeutic agents, parental 
nutrition, and vascular access. Various complications 
have been reported in the literature,” with migration 
being a major complication. We report a case of migra- 
tion of the CV catheter tip into the congenital systemic- 
pulmonary collateral vein. 


Case REPORT 


A 66 year-old woman who had non-viral liver cirrhosis 
was admitted to our hospital for liver transplantation. 
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She had massive ascites and pyelonephritis and had been 
treated with antibiotics for a few weeks. A CV catheter 
was inserted into the left internal jugular vein by bed- 
side. A chest radiograph after the procedure showed the 
CV catheter tip was located in the left side of the chest 
(Fig. 1), which led us to suspect migration to unexpected 
vein instead of the superior vena cava (SVC). We reviewed 
previous chest computed tomography (CT) images, which 
showed a small vein running lateral to the aortic arch, 
presenting as the vertical vein. Existence of an abnormal 
connection between the vertical vein and the left upper 
pulmonary vein (LUPV) was suspected. Venography 
obtained while contrast material was injected from the 
CV catheter showed the vertical vein, followed by the 
LUPYV, the left atrium (LA), the left ventricle (LV) and 
the ascending aorta (Fig. 2). In addition, it showed the 
innominate vein (i.e. left brachiocephalic vein) and the 
superior vena cava (SVC) following the vertical vein. 
Furthermore, another small vessel that was running 
caudally from the LUPV was observed. At this time, we 
could not understand the detailed anatomy. However, we 
feared that complications, such as brain infarction and 
arterial embolism, might occur ifthe CV catheter were left 
in this position. Hence, we inserted a CV catheter from 
the right subclavian vein under ultrasonographic guidance, 
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Fig. 1 Chest radiograph after the procedure. 
The central venous catheter tip is located in the left side 
of the chest (arrow). 





Fig. 2 Venography obtained while contrast material was injected from the central veneus catheter. 


a: Early phase. 

The vertical vein (narrow white arrow) is shown, which is followed by the left upper pulmonary 
vein (large white arrowhead) and the left atrium. Another small vessel (wide white arrow) IS 
running caudally from the left upper pulmonary vein. In addition, the innominete vein (black 
arrow) and the right superior vena cava (black arrowhead) are shown. 

b: Late phase. 

The left ventricle and the ascending aorta are shown, consecutively. 


and indwelled it at the SVC with X-ray fluoroscopy, and sels, a contrast-enhanced carciac multi-detector row CT 
removed the CV catheter previously inserted at the verti- examination was performed. According to these CT im- 


cal vein. 


ages, the vertical vein was shewn to be connected to the 


To evaluate the precise anatomy of abnormal ves- LUPV. The normal connection between the LUPV and 
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the LA remained, and another small vessel arising from 
the LUPV was shown running caudally. This small vein 
was connected to the coronary sinus and drained into the 
right atrium (RA) (Fig. 3). 

In a summary obtained from various radiographic 
images, the vertical vein and the small vessel also was 
revealed as congenital systemic-pulmonary collateral 
veins. The direction of blood flow was considered from 
the LUPV to the vertical vein, draining to the RA via 
the innominate vein. Other than this abnormal connec- 
tion, the direction of blood flow of the small vessel was 
observed from the LUPV to the coronary sinus, draining 
to the RA. These results indicated that the hemodynamics 
was a left-to-right shunt. 

Echocardiography showed Qp/Qs was 0.85 with no 
right ventricular failure. Arterial blood gas analysis 
showed no cyanosis. No risks for liver transplantation 
were detected, and, therefore, the operation was per- 
formed without any problems. 


DISCUSSION 


Pulmonary blood flow to the systemic vein occurs 
with partial anomalous pulmonary venous connection 
(PAPVC), in which the normal connection between the 
pulmonary vein (PV) and LA usually disappears. The 
connection between the PV and systemic veins with 
normal drainage to the LA has been named congenital 
systemic-pulmonary collateral vein. Congenital systemic- 
pulmonary collateral vein is a rare venous anomaly, first 
reported by McIntosh in 1926.”) 

In the early stage of fetal development, peripheral 
pulmonary veins develop from the capillary plexus 
surrounding the embryonic foregut, forming the main 
pulmonary vein, and finally connecting the LA.?) At 
first, the capillary network anastomoses to the cardinal, 
umbilical and vitelline veins. During this development, 
anastomoses between the pulmonary and systemic veins 
disappear. Sometimes peripheral pulmonary veins con- 
nect the cardinal veins instead of the LA. This is called 
total anomalous pulmonary venous connection (TAPVC) 
or PAPVC, depending on whether there is complete or 
partial pulmonary venous connection failure, respec- 
tively. Rarely, although the connection between the 
PV and the LA is formed normally, pulmonary venous 
drainage fails within the heart. The embryonic pulmo- 
nary systemic venous anastomosis remains and forms 
a congenital pulmonary systemic collateral vein. This 
resulting anastomosis is called levoatriocardinal vein.*) 
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Fig. 3 Posterior view of three-dimensional image of heart by 
computed tomography. 
The vertical vein (black arrow) is connected to the left 
upper pulmonary vein (white arrowhead). A normal 
connection between the left upper pulmonary vein and 
the left atrium (wide white arrow) remains, and another 
small vein (narrow white arrow) arising from the left up- 
per pulmonary vein is shown running caudally. This small 
vein is connected to the coronary sinus (black arrowhead). 
draining into the right atrium. 


Most cases of levoatriocardinal vein connect LA to de- 
rivatives of cardinal veins or their tributaries, instances 
of the SVC or the innominate vein. 

Most cases of levoatriocardinal vein have left atrial 
egress failure including multiple levels of obstruction to 
left-sided outflow, such as mitral atresia, aortic atresia 
and coarctation.*-*) However, 8 cases were reported 
without left atrial egress.°’ Moreover, 3 cases without 
other cardiac anomalies were reported, found by angio- 
gram or MRI incidentally, as in the current case.>*-”) In 
most cases, there are no clinical symptoms caused by 
levoatriocardinal vein itself. 

The levoatriocardinal vein should be considered dif- 
ferent from the left superior vena cava (LSVC).*) Usually. 
the LSVC connects to the RA through the coronary sinus. 
In the early embryonic stage, there is a symmetrical 
precardinal vein system, and the left precardinal vein 
disappears. LSVC occurs when the left precardinal vein 
remains.'”) Fujiwara described the levoatriocardinal vein 
mimicking the LSVC, running dorsal of the LUPV.”) Ha- 
ris reported a patient with both the levoatriocardinal vein 
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and the LSVC draining to the coronary sinus normally.'”) 


These are ways to distinguish the LSVC and the levoat- 
riocardinal vein. In the present case, although the vertical 
vein was similar to the LSVC, the normal connection to 
the coronary sinus was missed, which led to misidenti- 
fying the vertical vein as the LSVC. Meanwhile, there 
was an additional connection between the LUPV and the 
coronary sinus. Levoatriocardinal vein has various types 
of connection in literatures.*) Levoatriocarcinal vein is 
defined as connection between PV or LA to systemic vein 
such as SVC, internal jugular vein and innominate vein. 
Besides coronary sinus is one of systemic vein, which 
arises from the left common cardinal vein, this additional 
connection was regarded as another levoatriocardinal 
vein. In summary, two levoatriocardinal veins from the 
LUPV without atrial egress failure were observed in this 
case. Whena CV catheter is inserted, we should be aware 
of rare, abnormal anatomy, in addition to complications 
of puncture, such as pneumothorax and hemothorax.!!) 


CONCLUSION 
This is a rare case of migration of the CV catheter tip 


into a congenital venous anomaly. To our knowledge, this 
might be the first report of such a case. 
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Endovascular Management of May-Thurner Syndrome 


Wael Ibrahim, MD, PhD, Zakareya Al Safran, MD, Hosam Hasan, MD, and Wael Abu Zeid, MS 


May-lhurner syndrome or iliac vein compression syndrome is associated with deep vein thrombosis 
(DVT) resulting from chronic compression of the left iliac vein against lumbar vertebrae by the overlying 
right common iliac artery. Historically, May-Thurner syndrome has been treated with anticoagulation 
therapy. However, this therapy can be problematic when given alone, because it prevents the propagation 
of the thrombus without eliminating the existing clot. Furthermore, it does not treat the underlying 
mechanical compression. Consequently, syndrome who was managed by anticoagulation therapy alone, 
there is a significant chance that the patient will develop recurrent deep vein thrombosis or post thrombotic 
syndrome or both. Recently, both retrospective and prospective studies have suggested that endovascular 
management should be front-line treatment; endovascular management actively treats both the mechanical 
compression with stent placement and the thrombus burden with chemical dissolution. We report our 
case of 53 years old male patient with May Thurner syndrome who managed by endovascular treatment. 


Keywords: may-thurner syndrome, iliac vein compression syndrome 


INTRODUCTION 


E 1957, May and Thurner described three varieties of 
intra-luminal spurs occurring in the left common iliac 
vein close to its junction with the inferior vena cava 
([VC).» The incidence of May-Thurner syndrome is 
unknown and ranges from 18%—49% among patients 
with left-sided lower extremity DVT.” May and Thurner 
postulated that the chronic pulsations of the overriding 
right iliac artery led to the development of a “spur” in 
the vein wall and that this spur would result in partial 
venous obstruction, Chronic trauma to the inner side of 
the vein wall due to adjacent arterial pulsations leads to 
the accumulation of elastin and collagen, contributing to 
spur formation.) In addition to the chronic arterial pulsa- 
tions, mechanic compression of the iliac vein by the 
thick-walled overriding iliac artery (Fig. 1) leads to ex- 
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tensive local intimal proliferation, impaired venous return 
and venous thrombosis. In addition to the mechanical 
alterations to the vessel wall, hypercoagulable states, 
when tested, are found in the majority of patients. Kolbel 
et al.” found underlying hypercoagulable disorders in 
67% of patients screened prior to treatment of chronic 
iliac vein occlusion. Left iliac vein compression is the 
most common variant seen in May-Thurner syndrome; 
however, several other variants have been described in 
the literature. Compression of the left common iliac vein 
by the left internal iliac artery,’ compression of the right 
common iliac vein by the right internal iliac artery, 
compression of the IVC by the right common iliac artery”) 
and right-sided May-Thurner syndrome in a patient with 
a left-sided IVC® have all been described. 


CASE REPORT 


53 years old male with diabetes mellitus and hyperten- 
sion who persistent with painless swelling of the left thigh 
of about 7 years duration. The swelling had gradually 
become more severe. Physical examination revealed a 
swollen left thigh, circumference of which was 15 cm 
larger than the right one. The patient had two episodes 
of venous thrombosis, and the last episode occurred 2 
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Fig. 1 CT of the abdomen and pelvis with contrast showing 


compression of left iliac vein by left iliac artery, multiple 
collaterals seen at abdominal wall. 


weeks earlier, which dramatically aggravated his symp- 
toms. He was treated with warfarin 6 mg and aspirin 
300 mg with no appreciable improvement. Venous Dop- 
pler ultrasonography (U.S.); revealed left common femo- 
ral thrombosis, occluded left common iliac vein with 
subsequent aneurysmal dilatation of external iliac vein. 
Abdominopelvic computed tomography (CT) was done 
with dual-phase thin-section (section thickness, 1.25 mm). 
Abdominal CT was performed at arterial (angiography) 
and venous (venography) phases with four-channel multi- 
detector row CT. Three-dimensional volume rendering 
and abdominal CT demonstrated normal arterial anatomy 
and compression of the left common iliac vein by the left 
common iliac artery with total occlusion of the common 
iliac vein, aneurysmal dilatation of left external iliac vein 
with multiple collaterals seen along left thigh and anterior 
abdominal wall, as well as evident thrombosis of common 
femoral vein which extended down to involve superficial 
femoral and popliteal veins. No pelvic mass was noted. 
Endovascular venoplasty was decided. 

A 6-F sheath was placed into the right common femo- 
ral vein; Rt iliac venography and cavogram was done 
followed by deployment of retrievable IVC filter just 
below renal vein retrievable OptEase filter (Johnson and 
Johnson, USA), another 8 F sheath was placed into left 
common femoral vein, venogram was done, and total 
occlusion of iliac vein was observed with subsequent 
aneurysmal dilatation of left external iliac vein with 
multiple collaterals (Fig. 2), micro-catheter (Renegade 
by Boston scientific, USA) was successfully manipulated 
over 0.018 wire (Transend 0.018 wire, Boston Scientific, 
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Fig. 2 8F sheath was placed into left common femoral vein, 


venogram revealed total occlusion of left common iliac 
vein with subsequent aneurysmal dilatation of left external 


iliac vein. 


USA) and successfully transverse through occluded seg- 
ment to IVC, cavogram was done to confirm the position 
of micro-catheter, multiple balloon dilatation were done 
starting by 2 mm x 6 mm (Sleek balloon by Clear Stream 
Technologies) followed by 4, 6, 8, 10, and 12 x 40 mm 
Power flex balloon by (Johnson and Johnson,_USA). A 
14 mm x 40-mm Wallstent (Boston Scientific, USA) was 
deployed across the occluded segment of the vein. The 
stent was dilated to 14 x 40 mm with the angioplasty 
balloon. A post-angioplasty venogram demonstrated a 
widely patent stent and good contrast material flow 
through the stent into the IVC, without filling of the 
cross-pelvic collaterals (Fig. 3). Measurement demon- 
strated no pressure gradient across the stent in the supine 
position. 

While the patient was lying prone on the angiographic 
table, we accessed the popliteal vein under ultrasono- 
graphic (U.S.) guidanee with a small-gauge echogenic 
needle to avoid inadvertent puncture of the adjacent 
popliteal artery. A 5-F sheath was inserted through which 
all subsequent catheter and wire exchanges were per- 
formed. Using (multi—side port catheter infusion set, 
Cook Medical, USA). 10 mg of tissue plasminogen acti- 
vator (tPA) (actilyse, Boehringer Ingelheim, Germany) 
was injected through infusion catheter as a loading dose, 
and then infusion catheter was connected to actilyse 
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Fig.3 A post-angioplasty venogram demonstrated a widely 
patent stent and good contrast material flow through the 


stent into the inferior vena cava, without filling of the 
cross-pelvic collaterals. 


infusion pump with a dose of 0.5 mg/hour, Lysis progress 
was monitored at venography at 8 hours interval, total 
lysis was achieved after 16 hours. 

The patient was discharged from the hospital on the 
same day and prescribed the following drug regimen: 
warfarin 6 mg for 3 months, then 300 mg of aspirin daily 
for life and 75 mg of Clopidogrel (Plavix, Sanofi-Dogu, 
Istanbul, Turkey) daily for 6 weeks. At 2 weeks follow-up, 
Doppler U.S. revealed patent venous stent, and left thigh 
edema dramatically decreased. Then IVC filter was re- 
trieved. At 3-month follow-up, Doppler U.S. revealed 
patent venous stent, and left thigh edema was substan- 
tially decreased. 


DISCUSSION 


A history of persistent left lower extremity swelling 
with or without DVT in a woman between the 2nd and 
4th decades of life, without an obvious cause, is highly 
suggestive of May-Thurner syndrome, and this possibil- 
ity should be assessed with CT and iliac venography. It 
is not an infrequent source of venous abnormalities in 
the left lower extremity. The true prevalence of this dis- 
order is unknown. With the move away from venography 
and the increased use of noninvasive diagnostic measures 
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to confirm the presence of venous thrombosis, many cases 
of the left iliofemoral venous thrombosis associated with 
May-Thurner syndrome are probably not recognized. 

The overlying artery appears to induce a partial ob- 
struction of the vein in two ways: by its anatomic orienta- 
tion with subsequent physical entrapment of the left 
common iliac vein and by extensive intimal hypertrophy 
of the vein resulting from the chronic pulsatile force of 
the right common iliac artery. This condition has been 
estimated to occur in 2%-5% of patients who undergo 
evaluation for lower extremity venous disorders, and it is 
not known why the normal anatomic relationship between 
the left common iliac vein and right common iliac artery 
is disrupted and begins to interfere with venous flow. 

Reported findings show that lower extremity DVT 
occurs three to eight times more frequently in the left 
side than on the right.” In 1943, Ehrich and Krumbhaar 
performed anatomic dissections in 412 cadavers and 
found obstructive lesions in 23.8% of the left common 
iliac veins. Histologically, these lesions did not represent 
chronic recanalized clot; rather, they were composed of 
elastin and collagen, without inflammatory cellular in- 
filtration or irregular arrangement of scar. They also 
found that 33.8% of lesions occurred after the Ist decade 
of life and concluded that the lesions were acquired and 
not congenital. 

Patients with May-Thurner syndrome typically present 
with unilateral (left) lower extremity edema and pain. A 
propensity for this disorder is seen in young women in 
their second to fourth decade of life, after prolonged im- 
mobilization or pregnancy. Because of the chronic nature 
of the disease process, patients may also present with 
stigmata associated with post-thrombotic syndrome such 
as pigmentation changes, varicose veins, chronic leg pain, 
phlebitis and recurrent skin ulcers. The clinical stages of 
iliac vein compression were described by Kim et al.,!” 
and include Stage I, asymptomatic iliac vein compression: 
Stage II, development of a venous spur; Stage III, devel- 
opment of left iliac vein DVT. 

Although the diagnosis of May-Thurner syndrome is 
based on the clinical presentation of left lower extremity 
swelling and pain in association with radiologic evidence 
of compression, however, the diagnosis of May-Thurner 
syndrome may not always be straight forward. May and 
Thurner," have advocated the use of pressure differentials 
to support the diagnosis of hemodynamically significant 
obstruction. They have suggested! that a pressure dif- 
ferential between the two iliac veins of 2 mmHg at rest 
or 3 mmHg with exercise is significant and that an 
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exaggerated pressure response to exercise is a marker of 
significant obstruction.” Other authors have utilized in- 
ferior vena caval pressure as a surrogate for contralateral 
iliac vein pressures with the assumption that there should 
be little or no gradient between the inferior vena cava 
and the iliac vein unless obstruction is present.!? 

The finding that many patients with iliofemoral com- 
pression remain asymptomatic raises the question of 
whether this represents a normal anatomic vartant. On the 
other hand, some patients with this vascular abnormality 
develop significant symptoms of chronic venous outflow 
obstruction, including pain, unilateral left lower extrem- 
ity edema, venous claudication, varicose vein formation, 
venous stasis ulceration, and unprovoked DVT. Although, 
the true incidence of thrombosis in the setting of iliac 
compression syndrome is uncertain, there is evidence that 
patients in whom thrombosis develops may be at higher 
risk for recurrent DVT, so treatment should be started as 
soon as possible. Mickley et al.'” have reported on a series 
of selected patients who underwent thrombectomy for 
iliofemoral thrombosis. Of patients with left-sided throm- 
bosis, 49% had venous spurs found interoperatively. Prior 
to 1994, those spurs were untreated, and 72% of those 
patients had recurrent occlusive thrombosis despite treat- 
ment of at least 1 year with vitamin K antagonists. In 
comparison, recurrence occurred in only | of 28 similarly 
treated patients (4%) with either right-sided thrombosis 
or left-sided thrombosis without spur formation. 

In patients in whom suspicious signs or symptoms 
develop, the diagnosis of May-Thurner syndrome ts best 
made radiographically. Other causes of these symptoms, 
including trauma, postsurgical changes, pelvic masses, 
and radiation, must be excluded. Doppler ultrasound will 
detect the lesion if a DVT is present in the iliac vessels, 
but is unable to visualize iliac vein compression and 
spurs.'*) Other diagnostic modalities include helical ab- 
dominal CT, CT venography, magnetic resonance venog- 
raphy, intravenous ultrasound, and conventional venog- 
raphy. Kibbe et al.!® used abdominal helical CT scanning 
to determine the incidence of left common iliac vein 
compression in an asymptomatic population. They found 
that two-thirds of all patients who were studied had at 
least 25% compression of the left iliac vein. The authors 
concluded that compression of the left iliac vein may be 
a normal anatomic finding and that abdominal CT scan- 
ning is accurate in determining if left iliac vein compres- 
sion is present. There are, however, limitations for the 
use of abdominal CT scanning in determining if iliac 
vein compression is present. The CT scans were obtained 
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during the arterial phase of the intravenous bolus, which 
limits the type of vessel reconstruction and analysis that 
can be performed. CT venography may be used as an 
effective adjunctive modality when there is aknown DVT. 
Chung et al.'*! found that CT venography was just as 
specific and highly sensitive in the diagnosis of DVT 
compared with ultrasound and accurately delineated 
venous anatomy and the extent of thrombus present. A 
limitation of CT venography involves the inability to 
control for the volume status of the patient. which could 
lead to overemphasis of the degree of compression of the 
left iliac vein in a dehydrated patient. The traditional 
“gold standard” for diagnosis of May-Thurner syndrome 
is conventional venography, which can be diagnostic and 
therapeutic when endovascular therapy 1s used. Non- 
invasive imaging methods are being used increasingly to 
diagnose DVT and iliac compression. The aforemen- 
tioned imaging modalities may help in planning catheter- 
directed thrombosis without the initial need for conven- 
tional venography. These non-invasive imaging modali- 
ties are simple, efficient and cost-effective in diagnosing 
DVT associated with iliac compression.” 

May-Thurner syndrome is a progressive disease with 
substantial long-term disabling complications. An aggres- 
sive approach designec to relieve the mechanical compres- 
sion should be strongly considered. Multiple surgical 
treatment options have been advocated. These include 
vein-patch angioplasty with excision of intra luminal 
bands, division of the right common iliac artery and re- 
location behind the left common iliac vein or IVC, and 
contra lateral saphenous vein graft bypass to the ipsilateral 
common femoral vein with the creation of a temporary 
arteriovenous fistula (Palma cross over). Overall, the re- 
ported long-term success, defined primarily as patency of 
the left common iliac vein or venous bypass, is 40%~88%. 
More recently, treatment with endovascular techniques 
has been described. The first known report of treatment 
of May-Thurner syndrome solely by endovascular means 
was by Berger et al. in 1995,'°) who successfully placed 
a venous stent to relieve iliac compression, Several sub- 
sequent studies have demonsirated efficacy in the treat- 
ment of iliac vein compression with thrombectomy and 
endovascular stenting. Self-expandable stents are used in 
the venous system as they can cover long distances, are 
easy to re-sheath and have adequate durability. Balloon- 
expandable stents may be used if needed (insufficient 
response to pre dilatation/self-expandable stent). Extend- 
ing the stent into the [VC maybe done without increasing 
the risk of contra lateral iliac vein occlusion. ” 
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In summary, it is important to recognize that persistent 
edema of the left leg may be caused by May-Thurner 
syndrome, especially in young women. This diagnosis is 
confirmed with ascending iliac venography, which dem- 
onstrates the iliac vein compression. The mechanical 
compression should be relieved prior to the onset of DVT 
and venous insufficiency. Management of May-Thurner 
syndrome has evolved over the past few decades favoring 
endovascular management as the primary treatment. With 
early recognition and aggressive management, May- 
Thurner syndrome can be a well-managed disease. 
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Huge Hemangioma in the Chest Mimicking a Breast Tumor: 


Report of a Case 


Masao Tadakoshi, MD, Hiroyuki Ishibashi, MD, PhD, Yuki Orimoto, MD, Ikuo Sugimoto, MD, PhD, 
Hirohide Iwata, MD, PhD, Tetsuya Yamada, MD, PhD, Noriyuki Hida, MD, and Takashi Ohta, MD, PhD 


A 35 year-old man first noticed an elastic mass like breast tumor in his left chest 17 years ago. It enlarged 


to the size of a child’s head. Computed tomography showed a well-circumscribed mass in the left chest. 


Lumpectomy was performed. The mass was located under the thin major pectoralis muscle, covered 


with a white fibrous capsule. The specimen weighed 1360 g and measured 18 x 14 x 8 cm. Histological 


examination revealed a cavernous hemangioma. To the best of our knowledge, this is the first reported 


case of a chest hemangioma arising from connective tissue and located under the major pectoralis muscle. 


Keywords: cavernous hemangioma, huge hemangioma, chest 


INTRODUCTION 


Gere hemangiomas of the chest are rarely de- 
scribed. They do not usually grow except to keep 
pace with normal body growth. We report a case of a 
huge, cavernous hemangioma in the chest, arising from 
connective tissue beneath the major pectoralis muscle, 
that had enlarged over seventeen years. 


CASE 


A 35 year-old man suffered from a huge left chest mass 
like breast tumor. He noticed it seventeen years ago, and 
it had enlarged gradually to the size of a child’s head. 
He did not complain of pain or dysfunction of the upper 
limb. He consulted a university hospital and underwent a 
sample biopsy, which revealed a cavernous hemangioma. 
He was referred to our hospital for surgical resection. He 
had no history of trauma or injury. 

On physical examination, the mass had a smooth 
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surface and was elastic and soft, the size of a child’s 
head located in the left chest. Striae cutis were seen 
in the overlying skin (Fig. 1). The tumor was movable 
and was not fixed to the chest. Computed tomography 
(CT) showed a huge tumor in the left chest measur- 
ing of 17 cm in diameter. The surface was smooth and 
well-circumscribed. The major pectoralis muscle was 
expanded over the tumor. Microcalcification, suggesting 
a phlebolith, was seen in the mass. Feeding arteries were 
not identified. The mass was little enhanced at the early 
phase and weakly enhanced at the late phase (Fig. 2). 
Gadolinium-enhancement magnetic resonance imaging 
(MRI) showed heterogeneous and weak enhancement. 

Resection surgery was performed under general an- 
esthesia. An oblique. spindl2-shape skin incision was 
applied on the left chest. The mass was located under the 
expanded thin major pectoralis muscle and was covered 
with a white fibrous capsule (Fig. 3). The surrounding 
connective tissue was crude. and the tumor was easily 
resected by sharp and blunt dissection. The feeding ar- 
teries were small branches of the lateral thoracic artery. 
The excised specimen weighed 1360g and measured 18 x 
14 x 8 cm. The cut surface ef the specimen was dark- 
brown and solid. Histological examination revealed 
a cavernous hemangioma (Fig. 4). The postoperative 
course was uneventful, and there was no disturbance of 
the left upper limb. He was discharged on post-operative 
day 7 in good condition. 
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Fig. 1 Macroscopic view of the mass: The left chest tumor was 
enlarged to the size of a child head. Striae cutis were seen 
in the overlying skin. The scar was due to the previous 
incisional biopsy. 





Fig. 3 Intraoperative view of the lesion: The mass 
was well-circumscribed and the capsule 


was translucent. 





Fig. 2, Computed tomographic scan of the chest: A huge mass of 
the anterior chest was slightly enhanced. 


DISCUSSION 


Cavernous hemangiomas of the chest are uncommon, 





benign tumors, and especially, noncutaneous cavernous 


Hematoxylin and eosin-stained section: The tumor con 


hemangiomas are rare.'”) Differential diagnosis of the | we | | 
l ; : sisted of a large number of dilated vessels filled with red 
chest wall includes lipoma, schwannoma, neurofibroma. ay ha’ A 

l blood cells. (original magnification * 40) 
which are relatively common. 


Cavernous hemangiomas typically appear at birth or 


before the age of 30 years, but do not usually grow except 10 cm or larger in diameter have been reported. In one 
to keep pace with normal body growth.) In this case. case, contrast CT showed weak and heterogeneous en- 
the tumor had grown to the size of a child’s head over a hancement.” In another case, contrast MRI showed slow 
seventeen-year period. and continuous enhancement in the peripheral portion.° 

Cavernous hemangiomas generally show distinct In another case, an angiogram could identify feeder ves- 
enhancement in contrast CT and MRII, however, some sels.°) In our case, contrast CT and MRI showed weak and 
hemangiomas do not.*) According to a search of PubMed. heterogeneous enhancement, but feeding vessels could 
three cases of chest cavernous hemangiomas as large as not be identified (Table 1). 
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Table 1 Reported cases of huge cavernous hemangiomas « of the chest 


Author Year Agesex Location adjacent struct = cd Natashi 
ne Po PRETEN =- : ae Bd cole T a i a A gi tou coe ee 
Kim 2006 I8 y.o., female Breast Non 13.5 x 12x6 660 
Kinoshita 2005 60 y.o., male Breast Rib 14 2050 
Our case 2011 35 y.o., male Ginder M a E Non IS x 14 <8 1360 

: year- aid 


Although chest cavernous hemangiomas in the mam- 
mary gland® and subcutaneous tissue’*) have been 
reported, there was no reported case of hemangioma 
arising from connective tissue under the major pectoralis 
muscle. This case is the first reported case. In the three 
reported cases of huge chest cavernous hemangiomas, 
a skin change simulating an inflammatory carcinoma 
appeared in one case.® In the other three cases, includ- 
ing our case, there was no change of the overlying skin. 
Three cases including ours had no involvement of the 
ribs or deeper structure, but one case involved ribs and 
intercostal muscle and radical resection was performed 
(Table 1). 

Although chest cavernous hemangiomas are benign, 
complete resection is recommended to exclude the pos- 
sibility of underlying angiosarcoma.”) 


CONCLUSIONS 


Huge chest cavernous hemangiomas may not show a 
distinct enhancement in contrast CT or MRI differently 
from other typical cavernous hemangiomas. Although 
chest cavernous hemangiomas in the mammary gland 
and subcutaneous tissue have been reported, our case is 
the first reported case of cavernous hemangioma arising 
from connective tissue under the major pectoralis muscle. 
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Staged Hybrid Debranching and Thoracic Endovascular 
Aneurysm Repair for Multiple Aortic Aneurysms aiter 
Conventional Open Repair of the Descending Aorta: 


A Case Report 


Yukihiro Matsuno, MD, PhD, Katsuya Shimabukuro, MD, PhD, Narthiro Ishida, MD, PhD, 
Yukiomi Fukumoto, MD, PhD, and Hirofumi Takemura, MD, PhD 


Endovascular repairs of thoracic and thoracoabdominal aortic aneurysm have recently been proposed 
as a less invasive alternative to conventional open surgical repair. In selective cases, adjunctive bypass 
surgery may be required to provide an adequate landing zone. We describe a case of staged hybrid 
debranching and thoracic endovascular aneurysm repair for distal aortic arch and thoracoabdominal 
aortic aneurysms after conventional open repair of the descending aorta. 


Keywords: thoracic endovascular aneurysm repair, debranching, multiple aortic aneurysm 


INTRODUCTION 


S ince the first successful endovascular thoracic aortic 
aneurysm repair, performed by Dake and colleagues 
in 1994,) endovascular repair has evolved into a valuable 
treatment for thoracic and aortic aneurysm. This tech- 
nique is less invasive with low morbidity and mortality 
for high-risk patients, especially those who have under- 
gone prior open aortic surgery.” In cases of aortic arch 
or thoracoabdominal pathologies, which often involve 
the origin of the supra-aortic or visceral-renal branches, 
it may be necessary to cover those branches using an 
endovascular stent graft to extend the proximal or distal 
landing zone. To reduce the risk of neurologic and vas- 
cular complications, adjunctive open surgical bypass 
surgery may be required to provide an adequate landing 
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zone.*) This is a case report of staged hybrid debranching 
and thoracic endovascular aneurysm repair for multiple 
aortic aneurysms after conventional open surgical repair 
of the descending aorta. 


CASE REPORT 


A 71 year-old man was referred to our hospital with 
the diagnosis of multiple aneurysms in the distal aortic 
arch and thoracoabdominal aorta. He had undergone con- 
ventional open repair of the proximal descending aorta 
through a left lateral thoracotomy eight years ago. A com- 
puted tomography (CT) scan showed a distal aortic arch 
aneurysm just below the left subclavian artery (LSCA) 
with a maximum diameter of 51 mm and a thoracoab- 
dominal aortic aneurysm just below the previous distal 
anastomotic level of the prosthetic graft, involving the ce- 
liac artery (CA) and the superior mesenteric artery (SMA) 
with a maximum diameter of 61 mm (Fig. 1). Because 
the patient was insistent in avoiding a redo thoracotomy 
and declined a conventional, open surgical treatment and 
strongly requested a less invasive treatment, we chose 
the thoracic endovascular aneurysm repair (TEVAR). As 
those aneurysms were closed to the left common carotid 
artery (LCCA) and involved the CA, adjunctive surgical 
bypass grafting was needed to provide adequate landing 
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Fig. 1 Preoperative 3-dimensional computed tomography (3D- 
CT) showed multiple aneurysms in the distal aortic arch 


and thoracoabdominal aorta. 


zones for TEVAR. As a result, we decided to perform 
staged hybrid debranching and TEVAR. 

Under general anesthesia, bilateral axillary arteries 
were exposed through an infraclavicular incision parallel 
to the clavicle and the left common carotid artery was 
exposed through a longitudinal incision along the medial 
aspect of the left sternocleidomastoid. An extra-anatomic 
right-to-left axillary artery bypass was performed in an 
end-to-side fashion using a ringed Gore-Tex 8 mm graft 
(W.L. Gore and Associates, Inc., Flagstaff, AZ). Then 
the LCCA-to-the prosthetic graft bypass was performed 
using another Gore-Tex 8 mm graft and the root of the 


LCCA was ligated to prevent retrograde perfusion into 
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Fig. 2 3D-CT after the fist hybriédebranching and thoracic endo- 


vascular aneurysm repair for distal aortic arch aneurysm. 


the aneurysm. There was no change of regional cerebral 
oxygen saturation during carotid artery clamping ac- 
cording to cerebral oxymetry monitoring. Following 


=~ 
/ 


those procedures, a 37 mm * 20 cm Gore TAG thoracic 
endoprosthesis (W.L. Gore and Associates, Inc., Flagstaff, 
AZ) was deployed from just distal to the origin of the 
innominate artery to the prcximal part of the previous 
prosthetic graft through a right common iliac artery. 
A completion angiogram demonstrated no evidence of 
retrograde type lI endoleak. Therefore, proximal ligation 
or coil embolization of the _SCA was not performed. 
There were neither neurologicnor vascular complications. 
Postoperative CT scan revealed complete exclusion of 
the aneurysm without any evidence of leakage and good 
patency of the bypass grafts | Fig. 2). He was discharged 
on postoperative day 11th. 

The patient was readmitted to our hospital for surgi- 
cal treatment of the thoracozbdominal aortic aneurysm 
3 months after the first operation. Prior to the second 
operation, the celiac artery balloon occlusion test was 
performed, and intact collateral foregut circulation be- 
tween the celiac and superior mesenteric arteries was 


confirmed. Operation was performed thorough a median 
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Fig. 3 3D-CT after the second hybrid debranching and thoracic endovascular aneurysm repair foi 


thoracoabdominal aortic aneurysm. 


laparotomy under general anesthesia. Spinal cord protec- 
tive measures, including cerebral spinal fluid drainage, 
motor-evoked potential, and prevention of intraoperative 
and perioperative hypotension were used during this 
staged procedure. The CA, the SMA and the left com- 
mon iliac artery (LCIA) were exposed in preparation for 
the bypass grafting. The LCIA was used as the donor 
vessel of inflow for the retrograde SMA bypass graft. 
The SMA was anastomosed end-to-side fashion using a 
ringed Knitted Dacron 8 mm graft (Gelsoft®, Vascutek). 
Following those procedures, a 31 mm x 15 cm Gore TAG 
thoracic endoprosthesis was deployed from the distal part 
of the previous prosthetic graft to just above the bilateral 
renal arteries through a terminal abdominal aorta. Then. 
the root of the CA and SMA was ligated to prevent ret- 
rograde perfusion into the aneurysm. Postoperative CT 
scan showed complete exclusion of the aneurysm without 
any evidence of leakage and good patency of the bypass 
grafts (Fig. 3). His postoperative course was uneventful 
without any complications, and he was discharged 20 
days after the surgery. 


ce 


DISCUSSION 


The long-term results of most thoracic or thoracoab- 
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dominal aortic aneurysm repairs are satisfactory. Hov 


ever, some patients require a reoperation for a separat 
aneurysm after the original aortic repair. Thus, in case 


of thoracic or abdominal aortic aneurysms there is quit 
a high risk of development of multiple aortic aneurysms 
Carrel et al. reported that new or recurrent aortic aneu 
rysms accounted for 36 (27.7%) of the 130 thoracic aorti 
reoperations performed in their series of 120 patients were 
due to new or recurrent aortic aneurysms.*) Crawford 
complete TAAA experience reported by Svensson and 
colleagues, 181 patients (12%) had previously undergone 
a proximal aortic operation; this group of patients was 
characterized by a lower 30-day mortality rate than 
the group of patients who had not previously undergone 
thoracic aortic aneurysm repair.>) 

Endovascular repair of thoracic pathology is emergin: 
as the preferred treatment strategy in a majority of patients 
as increasing data suggest that endovascular repair may b 
performed with lower perioperative morbidity and morta 
ity rates, with similar midterm survival, when compared 
with conventional open surgical repair.°’ However, because 
of anatomic constraints related to required endograft sea 
zones, a significant number of patients, many of whom art 
not ideal candidates for open surgery, are excluded fro) 


standard endovascular repair. Consequently, in an attempt 
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to expand the pool of patients suitable for endovascular 
repair, “hybrid” techniques, including open aortic arch 
and thoracoabdominal debranching procedures, have 
been described to allow creation of proximal and/or 
distal landing zones for stent graft seal.” Current data 
suggest that these techniques of hybrid debranching and 
TEVAR (H-TEVAR) could be performed with lower rates 
of morbidity and mortality than could conventional, open 
surgical repair.” 

By avoiding thoracotomy, H-TEVAR may be hypoth- 
esized to be particularly advantageous in the case of 
previous descending thoracic aortic repair in which a 
redo left-sided thoracotomy may be associated with major 
bleeding, increased rate of postoperative respiratory and 
organ failure, longer distal aortic perfusion time, longer 
total aortic clamping time, longer operation time, and 
reduced long-term survival.*-” It is interesting to hypoth- 
esize that existing thoracic or abdominal tube grafts in 
H-TEVAR may offer optimal in-graft landing zones for 
endografts and ideal inflow sites for visceral bypasses. 

When the distal landing zone proximal to celiac artery 
is inadequate, either a thoracoabdominal approach or 
debranching of visceral vessels is required, followed by 
TEVAR. Another alternative includes extending the distal 
landing zone by covering the celiac artery origin. In our 
present case, the celiac artery balloon occlusion test was 
performed, and intact collateral foregut circulation was 
confirmed. Preoperative angiography is recommended 
to assess the collateral circulation between the celiac 
and superior mesenteric arteries before coverage of the 
celiac artery.” 

The staged operation has several advantages, one of 
which was less invasive for the patient, including shorter 
operation times and potentially decreases the risk of renal 
failure from contrast load during the operation. Moreover, 
it is likely that the staged procedure contributes to the 
preservation of spinal cord perfusion through collateral 
arterial flow, which may result in lower paraplegia rates. 

In conclusion, hybrid debranching and TEVAR expand 
the available surgical options for patients with multiple 
thoracic aortic aneurysms, and they appear to be a safe 
alternative to open repair for thoracoabdominal and aortic 
arch aneurysms in properly selected patients with signifi- 
cant comorbidity or prior open aortic surgery. 
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A Case of Embolism due to a Floating Thrombus 
Migrating from the Left Atrial Appendage to the Ostium of 
the Celiac Artery 


Takashi Ando, MD, PhD, Hiroyuki Abe, MD, PhD, and Dayun Ro, MD 


The present case was a 70 year-old dialysis patient who had experienced a prior cerebral infarction 
following atrial fibrillation. Her shunt suddenly occluded during dialysis, and she was transferred to 
our hospital. Transesophageal echocardiography revealed a floating, ball-like thrombus in the left atrial 
appendage (LAA). After thrombectomy in the shunt, acute thrombi were extracted. Despite anticoagulant 
therapy, the ball-like thrombus in the LAA did not dissipate and instead continued to enlarge. We planned 
surgical intervention involving a left atrial appendectomy without cardiopulmonary bypass through a left 
thoracotomy. However, her thrombus disappeared out of the LAA when she was intubated in the operating 


_ room. Her surgery was, therefore, stopped, and extubation was carried out. A computed tomography (CT) 


scan showed that the embolism had moved to the ostium of the celiac artery. Incidentally, this celiac artery 
had already been obstructed, and her inferior mesenteric artery had been the main supply of blood flow 
to the intestine, explaining why she had not developed intestinal ischemia. We continued anticoagulant 
therapy with warfarin. Follow-up CT studies were conducted at the outpatient clinic. However, the patient 


died due to a wide cerebral infarction before the 6-month checkup. 


Keywords: floating thrombus, atrial fibrillation (AF), left atrial appendage (LAA), nonvalvular 


atrial fibrillation (NVAF) 


INTRODUCTION 


erebral infarction in patients with atrial fibrillation 
(AF) may vary from clinically silent to catastrophic. 
The incidence of AF increases with age. Not only AF 
with valvular heart diseases, but also nonvalvular atrial 
fibrillation (NVAF), represents causes of embolic stroke. 
In addition, the left atrial appendage (LAA) is a common 
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source of cardiac thrombus formation and systemic em- 
bolism. It is a ‘blind’ rod-shaped pouch that may promote 
hemostasis.” However, there is little information available 
about the incidence of thrombus in the LAA with NVAF 
in noncerebral acute arterial occulsion.” We herein re- 
port a case of embolism due to a floating thrombus that 
migrated from the LAA to the ostium of the celiac artery 
in a dialysis patient with NVAF. 


CASE REPORT 


A 70 year-old female was transported to an emergency 
hospital with a complaint of pain in the left upper arm 
on the side of the shunt at the time of dialysis. The shunt 
sounds had already disappeared. The patient’s history 
revealed that she had been taking warfarin since she 
had cerebral infarction with AF at 50 years of age. On 
admission to our hospital, her temperature was 36.0°C, 
her blood pressure was 120-/65Torr, and her heart rate 
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Fig. 1 Transesophageal cardiac sonography showed the ball-like floating thrombus in the LAA. a) Enhanced CT 


revealed that a thrombus in the LAA (b). 
LAA: left atrial appendage 


was 90/min irregular rhythm. The hematological data 
indicated both anemia and compromised renal func- 
tion that were as follows: Hb 9.2 g/dl, BUN 55.3 mg/dl, 


Crea 8.91 mg/dl. The results of biochemical tests of 


liver function and inflammatory reactions were within 
normal limits. However, taking warfarin was insufficient 
anticoagulation therapy since her PT-INR was 1.00. The 
chest and abdominal X-rays showed no abnormal find- 
ings. Ultrasonic arteriography on the shunt side showed 
the presence of an embolism in the bifurcation of the left 
brachial artery. Transthoracic ultrasonic cardiography 
revealed that her cardiac function was good without val- 
vular dysfunction. Her AF was NVAF, but no thrombus 
in the cardiac chamber was noted. We then performed 
transesophageal echocardiography to detect the origin 
of the embolism,” which revealed a ball-like floating 
thrombus in the LAA. Enhanced computed tomography 
(CT) scan also illustrated the presence of a thrombus in 
the LAA and left upper artery without the involvement 
of other sites (Fig. la and 1b). We speculated that the 
embolism from the surface of the left atrial appendage 
thrombus suddenly occluded her shunt. 

The patient underwent an emergency thrombectomy 
for her left arm under local anesthesia. The arterial flow 
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was recanalized immediately after red thrombi were 
extracted. Both the operative findings and histological 
examination of the thrombi indicated that they were fresh. 
Next, we planned to extract the ball-like thrombus in the 
LAA. We judged that using cardiopulmonary bypass 
would be high-risk based on her generally poor condition 
due to that fact that she had a more than 20 year dialysis 
history and disuse syndrome ollowing an old cerebral 
infarction. Therefore, censerva:ive treatment was started, 
and the progress of the LAA thrombus was monitored 
intensely. We controlled her APTT ranged 60 to 90 using 
heparin, because we did not use warfarin at the moment, 
for prevention of emergent surgical bleeding. However, 
the size increased slightly for three days, and the ball-like 
thrombus was still moving in tae LAA. Because the risk 
associated with the embolism increased, we decided to 
perform excision of the LAA. including the thrombus, 
under a left thoracotomy without the patient on cardio- 
pulmonary bypass. 

On the fourth admission day, she was ready for the 
operation. Under general anesthesia, she was intubated, 
and an esophageal echo probe was inserted. The patient 
was placed in the head-down pesition to insert the central 
venous line in the right jugular vein. At that time, the 
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ating Thrombus 


Fig. 2 (a) Enhanced CT showed no thrombus in the LAA. (b) It also displayed the ostium of the celiac artery. (C) 


3-D CT illustrated the position of the embolism. (d) showed the stenosis of the ostium of the celiac artery al 


the time of admission without thromboembolism. 
LAA: left atrial appendage 


echo probe indicated that the moving ball-like thrombus 
had disappeared out of the LAA. There was no thrombus 
image in any of the cardiac chambers. We immediately 
awoke the patient from anesthesia, and she was extubated 
in the operating room without any abnormal neurological 
findings. An enhanced CT scan was conducted to identify 
the new location of the embolism. While the ball-like 
thrombus had been a lump, it was identified in the ostium 
of the celiac artery in the abdominal aorta (Fig. 2a—2d). 
Coincidentally, the celiac blood flow was not significant, 
and it was supported by collateral circulation from a de- 
veloped inferior mesenteric artery. In short, because the 
ostium of the celiac artery was already stenosed, and the 
superior mesenteric artery had occluded, non-intestinal 
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tract ischemia was caused by this embolism. While su 
gical and catheter intervention were also taken into con- 
sideration, we continued conservative medical therapy. 
It was concluded that if this ball-like thrombus had been 
carried lower, it would have be easy to perform throm- 
bectomy of the leg. A seventh day follow-up enhanced 
CT scan showed the same position of the embolism and 
no abnormality of the intestinal circulation. After con- 
trolling her anticoagulotherapy with warfarin ranging 
PT-INR from 2.0 to 3.0, the patient was discharged from 
the hospital without complications. 

Although warfarin management was continued in the 
dialysis hospital, the patient died of an extensive cerebral 
infarction six months later. 


Ando T, et al. 


DISCUSSION 


It has been reported that 90% of LAA thrombi in pa- 
tients with NVAF are accepted in the left atrium.” The 
structure of the LAA is a rod-shaped pouch that may 
have stagnant blood flow, leading to hemostasis. Abe 
et al.4) reported that LAA thrombi could be classified 
into three types: the mobile ball type, fixed ball type, and 
mountain ball type. The mobile ball type is associated 
with an especially high risk of embolism. The present case 
had a ball-like floating embolism, which belongs to the 
mobile ball type. However, why the thrombus lodged on 
the orifice of the celiac artery with decreased flow, mainly 
supplying blood flow to the splanchnic organs came from 
inferior mesenteric artery? One of our speculations was 
that since it was the first branch that came out in the main 
artery before vessel bending due to arteriosclerosis, it 
would arise a certain turbulent flow there. 

The optimal medical intervention for the treatment of 
such cases is still controversial. There have been various 
recent reports about LAA excision.®”) These reports in- 
sisted that both decreased atrial contraction and secretion 
of human natriuretic peptide might not play important 
roles just after left appendectomy. Various methods for 
performing a left atrial appendectomy were reported.®-”) 
We had often closed the LAA using tobacco sutures 
inside of the left atrium, or double ligation outside of 
the LAA. However, a risk of a residual leak flow was 
associated with these methods, and was considered to 
thrombosis in those reports.2-! Therefore, the surgical 
technique, as well as the catheter device, should be care- 
fully considered when developing a standard treatment 
for left appendectomy with AF. At present, the existing 
data suggest that left atrial appendectomy is a suitable 
operation for preventing LAA thrombus and decreasing 
the risk of cerebral infarction. 

The death of this patient seemed to be caused by the 
thrombus recurred at the LAA due to poor control of the 
coagulation system. Consequently we highly illustrated 
that floating thrombus in the LAA should be considered 
for emergent operation firstly instead of the very strictly 
limited cases. 
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Femoral Vein Compression Resulting from a Ganglion of the 


Hip Joint: A Case Report 
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The development of a ganglion in the hip joint is a rare cause of lower limb swelling. We herein describe 
a case of a ganglion of the hip with compression of the femoral vein that produced signs and symptoms 
that mimicked a deep vein thrombosis. Needle aspiration of the ganglion was easily performed, and 
swelling of the left lower limb promptly improved. Intensive follow-up of this case was important because 
the recurrence rate of ganglions after needle aspiration is high. 


Keywords: ganglion, deep vein thrombosis, pseudothrombophlebitis 


INTRODUCTION 


ynovial/ganglion cysts of the hip joint are rare. Com- 

pression of the femoral vein by a synovial/ganglion 
cyst of the hip joint result in leg swelling resembling that 
caused by deep vein thrombosis.) We herein present a 
case of lower limb swelling due to compression of the 
femoral vein by a ganglion of the hip joint. 


CASE REPORT 
An 85 year-old female came to our hospital with a 


three-month history of swelling and edema of the left leg. 
The left thigh circumference was measured to be 4 cm 


greater, and the left calf circumference was measured to 


be 2 cm greater than that of the right leg. The grayish- 
purple color of the left lower limb suggested venous stasis; 
however, the patient did not complain of either pain or 
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tenderness in the left leg (Fig. 1). Ultrasonography (U.S.) 

was performed. No venous thrombi were seen; however, 

U.S. showed a cystic lesion posterior to the left femoral 
vein, measuring approximately 3 cm in diameter. The 
left femoral vein curved anteriorly and was severely 
compressed by the lesion. A computer tomography (CT). 
scan and magnetic resonance imaging (MRI) of the left 
hip region revealed, both in high-T2- and low-T1-weighted 

signal intensity, a cystic lesion 3 cm in diameter arising 

from the anterio-medial aspect of the acetabulum (Fig. 2). 

Needle aspiration of the cyst was easily performed with 

a 21-gauge short needle under U.S. guidance. Approxi- 

mately 2 mL of clear, jelly-like fluid was yielded (Fig. 3). 

The size of the cyst had decreased, and the swelling of the 

left lower limb promptly improved; therefore, the patient 

did not require surgery for the ganglion cyst of the hip 

joint. No recurrence of swelling of the left lower limb was 

observed up to two months after the needle aspiration. 


DISCUSSION 


The development of cystic lesions around the joints is 
acommon clinical problem. Histologically, there are two 
types of cysts; ganglia and synovial cysts. Synovial cysts 
usually demonstrate a communication with the adjacent 
facet joint and have a lining of synovial cells seen on a 
histologic analysis. Ganglion cysts are thought to be the 
result of myxomatous degeneration of certain fibrous 
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Fig. 1 Lower limbs of the patient at the first visit. 
The left lower limbs were swollen and the skin was 


grayish-purple, suggesting venous hemostasis. 


tissue structures, and they do not have a lining of syno- 
vial cells on a histologic analysis.” Because symptoms 
of and therapy for para-articular cysts do not depend on 
the histologic composition of the cyst wall, differentiation 
of ganglia and synovial cysts may be more of academic 
interest than of clinical importance. Moreover, distin- 
guishing between ganglia and synovial cysts using imag- 
ing is not always possible, so that the terms ganglion and 
synovial cyst are often used interchangeably.” Synovial/ 
ganglion cysts can develop on any joint lining or tendon 
sheath, though, they usually occur at the wrist, ankle, 
or knee. Synovial/ganglion cysts of the hip joint are not 
common and are usually accompanied by hip disorders 
such as rheumatoid arthritis, osteoarthritis, or trauma. 
The development of an inguinal mass and the presence 
of groin or thigh pain form the usual clinical presenta- 
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Cystic mass 


Fig. 2 US, CT, and MRI findings. 
US (a), CT (b), and MRI (© each showed a cystic mass 
(arrow) arising from the le*t hip joint compressing the 
femoral vein. 


tion of synovial/ganglion cysts. However, compressive 
symptoms caused by synovial/ganglion cysts of the hip 
joint are unusual. Compression of the femoral or iliac 
vein causes leg swelling resem ling that caused by deep 
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Fig. 3 The content of the cystic mass obtained by needle aspira- 
tion. Clear, jelly-like fluid was yielded. 


vein thrombosis,'* >) called pseudothrombophlebitis, 
and sometimes induces deep vein thrombosis,°) called 
pseudo-pseudothrombophlebitis. Compression of the 
femoral artery causes leg ischemia,” and compression of 
the femoral nerve causes femoral nerve palsy.® 

In 2006, Colasanti et al. reported their case and sum- 
marized 27 previously reported cases of lower limb swell- 
ing caused by synovial cysts of the hip joint. The mean 
age of these patients was 62 (35—80) years, and 60% of the 
patients were female. In 55% of the cases, the joint cysts 
were accompanied by hip disorders: rheumatoid arthritis 
or osteoarthritis. Surgery was the treatment of choice in 
70% of the cases, and the remaining cases were treated 
with needle aspiration. Lower limb swelling recurred in 
37% of the patients initially treated with needle aspira- 
tion, whereas recurrence was noted in only one patient 
treated surgically.>? 

Radiographs are useful to observe the presence of hip 
disorders. Arthrography can be used to demonstrate the 
communication of a cyst with the joint cavity; however, 
cysts may fail to fill when the communication is very 
narrow or when the cyst is filled with highly viscous 
fluid. Ultrasonography is one of the most useful imaging 
modalities; it facilitates diagnosis and is not invasive. 
However, ultrasonography does not show subtle sites of 
joint communication and has a limited ability to evaluate 
associated intra-articular abnormalities. Furthermore, 
cysts containing debris or hyperplastic synovium may 
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Femoral Vein Compression Resulting from a Ganglion 


simulate solid mass lesions on an ultrasound examination. 
A computer tomography (CT) scan is an excellent too! 
to assess abnormalities of calcified tissues because of its 
high spatial resolution. Nonetheless, its value for assess- 
ing soft-tissue contrast is still limited. Para-articular cysts 
have lower attenuation than muscle and higher attenuation 
than fat. Rim enhancement is seen after administration 
of intravenous contrast. Magnetic resonance imaging 
(MRI) is superior to all other imaging modalities for 
investigating soft-tissue abnormalities, particularly for 
demonstrating the location and extent of lesions. It offers 
superior soft-tissue contrast and multiplanar capabilities 
and is noninvasive. It demonstrates the exact location 
and extent of a lesion, shows the relationship of a lesion 
to the joint and surrounding structures, and with the aid 
of intravenous contrast, shows rim enhancement that 
indicates the cystic nature of a lesion. In addition, MRI 
is very accurate in depicting associated joint disorders 
such as meniscal tears, ligamentous abnormalities, and 
degenerative or inflammatory changes.” 

Treatment of synovial/ganglion cysts depends on their 
size, location and symptoms. Asymptomatic synovial/ 
ganglion cysts are often treated with observation. Once 
a synovial/ganglion cyst of the hip joint causes compres- 
sive symptoms, the ideal treatment is surgical excision 
because the recurrence rate for cysts treated with needle 
aspiration is high. However, needle aspiration is easier to 
perform and is less invasive than surgery, and the contents 
of a cyst can aid diagnosis.” 

In the present case, we treated the cystic mass with 
needle aspiration only; therefore, no histological diagno- 
sis was done. The CT and MRI revealed no direct com- 
munication of the cystic mass and the hip joint, and the 
CT and MRI findings were similar to that found in cases 
of ganglia of the hip joint previously reported by Gale et 
al.® and Bhan et al.” Therefore, we diagnosed the cystic 
mass as a ganglion. Because the patient’s leg swellin 
promptly improved, she did not request surgery. Surger 
has been recommended for the treatment of synovial cysts 
because of frequent recurrence after needle aspiration. 
However, according to Savarese et al.,” surgical excision 
should be reserved for patients with recurrent cysts or for 
those who do not respond to needle aspiration. Ideally. 
surgery was indicated in this case, and a careful follow-up 
was needed because of the high possibility of recurrence 
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CONCLUSIONS 


We herein report a rare case of leg swelling due to 


MN 
VS) 
Pi) 


Matsumoto H, et al. 


femoral vein compression by a ganglion of the hip joint. 
Ganglia of the hip joint should be taken into consideration 
in the differential diagnosis of deep vein thrombosis. 
Needle aspiration is one of the more useful and less in- 
vasive options to treat ganglia; however, the recurrence 
rate following this procedure is high. 
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2-618 Kitahama, Chuo-ku, Osaka 541-8505, Japan 









Listed in the NHI reimbursement price 


* Please refer to the package insert about details of “Contraindications’, 
“Indications”, “Dosage and administration”, “Precautions’, etc. APG-(A4 1/2) 2012/02 


ST AR IMA PEA 


sclerosing agent for varicose veins 


Polidocasklerol 


0.5% Inj. 2mL ¢ 1% Inj. 2mL ¢ 3% Inj. 2mL 





<polidocanol> 
Powerful drug, Prescription drug™™ 


Listed on the NHI reimbursement price list 
Note ) : Caution : Use only according to prescription 





Please refer to the package insert for further prescription 
information, precautions for use including Dosage, 
Administration, Warning, Contraindications. 


Sales in Japan : Marketing authorization holder in Japan : Manufacturer [For more information] : 
e Z ZERIA Pharmaceutical Co.,Ltd. Sakai Chemical Industry Co., Ltd. Chemische Fabrik Kreussler 
e 10-11 Nihonbashi Kobuna-cho, Chuo-ku 1330-1 Matsugaoka Nakamachi, & Co.GmbH 

Tokyo 103-8351, Japan Kawachinagano, Osaka 586-0006, Japan 


: : http://www.kreussler-chemie.de 
TEL.(03)3661-1039 http://www.sakai-chem.co.jp 
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